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1 . 0 I N T R O D U C T I O N

1.1 P u r p o s e of S t u d y

The p u r p o s e of t h i s Phase 1 i n v e s t i g a t i o n was to characterize and assess the c o n t r i b u t i o n of c on taminant
meta l s f r om the various sources of t a i l i n g s , mine waste and waste rock p i l e s to the s u r f a c e water
d r a i n a g e s d u r i n g seasonal snowmelt r u n o f f i n Operab l e U n i t 6 ( O U 6 ) o f t h e C a l i f o r n i a G u l c h N P L S i t e
(Site) in L e a d v i l l e , C o l o r a d o . Two dra inage s in OU6 contr ibute f l o w to the A r k a n s a s River; via Evans
G u l c h and S t r a y Hor s e G u l c h . Because most of the d r a i n a g e s in OU6 are i n t e r m i t t e n t s treams, the
m a j o r i t y of r u n o f f occurs d u r i n g the s p r i n g snow melt p er i od . At the start of the runoff per iod of t h i s s t u d y i t
was reported by the N a t i o n a l Weather Service that the snow pack in the U p p e r A r k a n s a s River basin was
200 percent greater than normal.

This program of f i e ld s a m p l i n g was carried out by the Bureau o f R e c l a m a t i o n ( R e c l a m a t i o n ) for USEPA
Region V I I I under i n t e r - A g e n c y A g r e e m e n t ( I A G ) N o . DW14953658. Labora t ory a n a l y s i s o f t h e watei <*nd
sediment s a m p l e s was p e r f o r m e d by R e c l a m a t i o n ' s E n v i r o n m e n t a l Research C h e m i s t r y L a b o r a t o r y under
iAG No. DW14953680-01. This report q u a n t i f i e s and eva lua t e s chemical c onc en tra t i on s in water and
stream bed s ed imen t s in several d r a i n a g e basins d u r i n g the 1995 s p r i n g snowme l t runof f .

1.2 Obje c t iv e

The ob j e c t ive s of th i s report are to pre s ent the f i n d i n g s o f the R e c l a m a t i o n 1995 Phase I S a m p l i n g and
H y d r o l c g i c Measurement Program and to eva lua t e the f i n d i n g s o f the program. The e v a l u a t i o n o f these
f i n d i n g s i d e n t i f i e s which areas within OU6 are in need of r emed ia t i on and p r o v i d e s a basis for the
s e l ec t ion o f remedial a l t ernat ive s d e s i g n for and construct ion in OU6. The o b j e c t i v e s for th i s report
inc luded:

1. To provide a d e t a i l e d chemical and h y d r o l o g i c d e s c r i p t i o n of a s i n g l e season snowmelt r u n o f f
event based on weekly s a m p l i n g from May through July, 1995 for charac t er iza t ion of OU6 s u r f a c e
water.

2. To assess chemical , s t r e a r n f t e v / , and rnineraicgical d a t a f r om f o u r OU3 sub-basins to i d e n t i f y
p o s s i b l e geochemical processes, t o q u a n t i f y c on taminant me ta l l o a d i n g i n t o C a l i f o r n i a G u l c h a n d



Evans G u l c h d r a i n a g e s , a n d t o p r o v i d e s u p p o r t i n g d a t a t o h e l p i d e n t i f y p o t e n t i a l c o n t a m i n a n t
metal source areas.

1.3 Previous S t u d i e s

a-t

A number of previous Remedial I n v e s t i g a t i o n (Rl) s t u d i e s have been c o n d u c t e d on the Cali fornia G u l c h
N P L Sit e , i n c l u d i n g t h e "Sur fa c e Water Remedial I n v e s t i g a t i o n R e p o r t , C a l i f o r n i a G u l c h S i t e , L e a d v i l l e
Colorado," d r a f t dated March 1S93 [1]. This report and other Rl repor t s addre s s general site-wide water
qual i ty and other issues. After a review of the ex i s t ing data reports, Reclamation recommended that a
more detailed s a m p l i n g and inves t igation program be carried out in OU6 to address its water q u a l i t y
issues and to attempt to i d e n t i f y sources or source areas of trace metal contamination to the surface
water. Previous studies had not at t empted to address p o s s i b l e contamination sources or provide enough
data to characterize water qual i ty and po s s ib l e contamination from the major i ty of mine waste p i l e s in
OU6. Where f e a s i b l e , s a m p l i n g locat ions were chosen to c o inc id e with pr ev i ou s s t u d y l o ca t i on s . The
p r e v i o u s s a m p l e locat ion d e s i g n a t i o n was used at these f o u r l o c a t i o n s in Evans G u l c h .

1.4 Genera l S t u d y L o c a t i o n

The OU6 site is located in Lake County, Colorado, a p p r o x i m a t e l y 100 m i l a s southwest of Denver,
Colorado . OU6 comprise s a p p r o x i m a t e l y 2,200 acres of the 16.5 square m i l e s of the C a l i f o r n i a G u l c h
NPL S i t e . OU6 i n c l u d e s t h e d r a i n a g e areas east o f Leadv i l l e ' , o u t s i d e o f t h e p o p u l a t e d area; s e e
F i g u r e 1. The OU6 boundary i n c l u d e s the u p p e r end of Evans G u l c h on the east and the lower p o r t i o n of
Evans G u l c h near US H i g h w a y 24 and S t a t e H i g h w a y 91, north of L e a d v i l l e on the northwest . E l e v a t i o n
ranges f r o m a p p r o x i m a t e l y 10,000 f e e t above mean sea l eve l (MSL) to 12,500, on the eastern l i m i t be low
M o s q u i t o Pass.

1.5 W a t e r s h e d Basins: G e n e r a l

T h e r e are two w a t e r s h e d s w i t h i n OU6 which c o n t r i b u t e s u r f a c e r u n o f f t o the A r k a n s a s River. T h e s e
vva t er sh ed s a r e t h e Evans G u l c h ( E G ) d r a i n a g e a n d t h e S t r a y H o r s e G u l c h ( S H G ) d r a i n a g e shown o n
F i g u r e 1 . S u r f a c e water r u n o f f in the S t r a y H o r s e G u l c h d r a i n a g e f l o w s into the S t a r r Ditch which
contr ibut e s f l o w to C a l i f o r n i a G u l c h , a t r i bu tary to the Arkansa s River. The s m a l l d r a i n a g e ~.a!ied Lit t l e
S t r a y H o r s e G u l c h ( L S H G ) , aiso c on tr i bu t e s r u n o f f i n L e s d v i l l c t o C a l i f o r n i a G u l c h . T w o s m a l l e r sub-
d r a i n a g e basins are aiso t r i bu tary to Evans G u l c h . T h e s e are the S o u t h Evans G u l c h and L i n c o l n G u l c h .



The area of the S o u t h Evans G u l c h basin has extensive mine-workings and mine-waste and waste rock
p i l e s . L i n c o l n G u l c h d r a i n s a s i g n i f i c a n t p o r t i o n o f t h e area known a s Breece H i l l . A l l o f t h e o u t f l o w f r o m
OU6 is received by the Arkansas River via Evans G u l c h and C a l i f o r n i a G u l c h . Evans G u l c h serves as the
water s u p p l y source for the city o f L e a d v i l l e and i s managed by the P a r k v i l l e W a t e r D i s t r i c t . A n o t h e r o u t l e t
tha t dra in s sur fa c e and groundwater from OU6 are two mine d r a i n a g e t u n n e l s . L e a d v i l l e M i n e D r a i n a g e
T u n n e l ( L M D T ) , constructed d u r i n g W o r l d W a r I I a n d t h e K o r e a n W a r b y t h e U . S . Bureau o f M i n e s t o d r a i n
the mine workings east of the ci ty of L e a d v i l l e . The t u n n e l e x t e n d s under the OU6 area and d r a i n s a
por t i on o f the g roundwat e r and in f i l t ra t i on f r o m the s u r f a c e . Ef f luent f r o m the LMDT is t r ea t ed a t the
Reclamat i on-opera t ed L e a d v i l l e M i n e Drainage T u n n e l T r e a t m e n t P l a n t ( L M D T T P ) p r i o r t o d i s c h a r g e into
the Arkansas River. The Yak T u n n e l is an earlier mine drainage tunnel that extends f rom C a l i f o r n i a G u l c h
( O U 4 ) undor Breece H i l l , S o u t h Evans G u l c h a n d a p o r t i o n o f t h e u p p e r Evans G u l c h d r a i n a g e basin.

1.6 General G e o l o g y

The g e o l o g y o f L e a d v i l l e and the h i s tory o f the L e a d v i l l e Mining D i s t r i c t are d e s cr ib ed in d e t a i l in various
report s . The primary r e f e r enc e used in t h i s s t u d y i s the " G e o l o g y and Ore D e p o s i t s o f the L e a d v i l l e
Mining D i s t r i c t , Co lorado , " by Emmons, e t . a!., p u b l i s h e d by the U.S. G e o l o g i c a l S u r v e y as P r o f e s s i o n a l
Paper N o . 1 4 8 ( 2 ] .

The bedrock f o r m a t i o n s which u n d e r l i e OU6 are a series of s e d i m e n t a r y s t ra ta that range in age f r o m
Cambrian to Pennsylvanian and consist of quartzite, l imes tone, d o l o m i t e , and shale. T h e s e Paleozo i c
s e d i m e n t a r y f o r m a t i o n s were i n t r u d e d d u r i n g the l a t e Cretaceous or e a r l y T e r t i a r y in several e p i s o d e s by
p o r p h o r y in "blanket" s i l l s and dikes . T h e s e p o r p h y r y i n t r u s i o n s created the m a j o r p o r t i o n o f the
m i n e r a l i z e d zones and ore d e p o s i t s .

T h e ent ir e sequence o f i n t r u d e d s e d i m e n t a r y f o r m a t i o n s a n d p r e - C a m b r i a n g r a n i t i c b edro ck w a s u p l i f t e d
and f a u l t e d in t o a series o f d i s c r e t e bedrock b lo ck s by n o r t h - s o u t h t r e n d i n g normal f a u l t s t h a t s t e p
downward in e l eva t ion f r om Mosqui to Pass on the east to L e a d v i l l s and the A r k a n s a s River V a l l e y on the
west. Thi s series o f f a u l t s l a r g e l y c o n t r o l l e d the d i s t r i b u t i o n and d e p t h o f the ore b o d i e s , a s we l i a s
g r o u n d w a t e r which ent ered the mines in l a r g e q u a n t i t i e s p r i o r to the d r a i n a g e t u n n e l s . Prior to the
d r a i n a g e t u n n e l s p u m p i n g w a s r equ ir ed t o d e w a t e r t h e l o w e r o r e b o d y l e v e l s t h r o u g h o u t t h e m i n i n g
d i s t r i c t .



Over a period of 130 years, the s ed imen tary bedrock uni t s and in t ru s iv e ore d e p o s i t s were m i n e d , and
wastes were d e p o s i t e d on the sur fa c e a f t e r g r a d i n g and proc e s s ing . T h e s e waste m a t e r i a l s are now
s u b j e c t to weather ing processes which oxidize , break down, and re lease r e m a i n i n g contaminant m e t a l s
into the sur face water dra inage s . Sinc e the d i s t r i b u t i o n and areal extent of the s e mine waste and waste
rock d e p o s i t s are s t i l l re lated to the f o r m a t i o n s and ore m i n e r a l o g y f r o m which th ey o r i g i n a t e d ; the q u a l i t y
of the sur face r u n o f f water that enters the dra inage s of the Arkansa s River r e f l e c t the w e a t h e r i n g of ore.
Several di f ferent type s of ore bodies were mined, i n c l u d i n g both s u l f i d e and ox id e carbonate ores.

Of p a r t i c u l a r s i g n i f i c a n c e are the mines that worked the s u l f i d e ore bodie s . W h e n the s u l f i d e ore waste
material is exposed to ox ida t iv e weathering process, the breakdown and a l t e r a t i o n of the s u l f i d e m i n e r a l s
generates ( a c i d i c ) low pH water

Generation of A c i d i c Drainage-Oxidation Reactions
init iator Reaction:

F e S j * 3.5O2+ H 2 Q -Pyri t e
A c i d i t y

Propaga t i on Cycle:Bacteria-> Fe 2 * + 0.25 O2 + H* ————'-> 0.5 H2O + Fe3 *
14 Fe 3* + FeS, * 8 H,O

A c i d i t y
Low pH reaction is slowH i g h p H reaction i s f a s t

which can d i s s o l v e r e m a i n i n g trace r n e t a l s and l ead to e l e v a t e d c o n t a m i n a n t metal c o n c e n t r a t i o n s and
s u s p e n d e d s e d i m e n t p a r t i c l e s in the water column. Thi s t y p e o f runo f f i s g e n e r a l l y r e f e r r e d t o n s acid
mine d r a i n a g e (AMD) or a s A c i d Rock Drainage (ARD). C o n t a m i n a n t m e t a l s a s s o c ia t ed wi th o ther t y p e s
of ore bodie s (e .g . o x i d e s , c a r b o n a t e s ) may a l s o be o f e n v i r o n m e n t a l s i g n i f i c a n c e because of t h e i r
a v a i l a b i l i t y to the environment via ero s ion, bo th wind and water t r a n s p o r t , or t h r o u g h d i r e c t contact w i t h
p e o p ' 3 .



ii

i :

f-a
T h r o u g h o u t much of the OU6 area, the bedrock i s o v e r l a i n wi th g l a c i a l d e p o s i t s a s s o c ia t ed wi th the Evans
G u l c h g l a c i e r , which moved down the Evans v a l l e y d e p o s i t i n g l a t e r a l moraines on both s i d e s o f the v a l l e y
and a t h i n cover of ground moraine in the v a l l e y bottom. G e o l o g i c m a p s by Emmons show the Evans
v a l l e y to be bedrook; however, t h i s m a p p i n g may have ignored t^3 th in cover pre s en t on a p h o t o g r a p h
f r o m the per iod . T o d a y , the v a l l e y i s d e n s e l y vege ta t ed with w i l l o w . On the h i l l s a d j a c e n t to the s ou th
s ide of S t r a y H o r s e G u l c h there was a very t h i n cover of u n c o n s o l i d a t e d g l a c i a l or o ther s o i l s l e f t b e f o r e
m i n i n g act ivi ty to ta l ly removed or d i s r u p t e d the o r i g i n a l ground . Hil l s on the north s i d e are covered wi th
g l a c i a l moraine d e p o s i t s . G l a c i a l lake d e p o s i t s are f o u n d in the u p p e r end o f th e S t r a y H o r s e G u l c h
dra inage in A d e l a i d e Park, which s u p p o r t s a smal l area of we t lands .

1.6.1 Ore Body G e o l o g y and Acid Rock Drainage

The metal ores that were mined in the L e a d v i l l e M i n i n g District were m a p p e d and d iv id ed into f i v e d i f f e r e n t
ore body type s by Emmons. Because these ore bodies were intruded a long and through sedimentary
l i t h o l o g i e s in la co t l i t h , or tabu lar- shaped bodie s , the c l a s s i f i c a t i o n of three of the ores was related to ti.c
s t r a t i g r a p h i c po s i t ion relat ive to the "Blue Limestone, W h i t e Limestone, Gray and W h i t e P o r p h y r y and
'Parting' Quartzite." In a d d i t i o n there were two ores of more l i m i t e d extent referred to as "Stockworks and
blanket s in siliceous ore, and Magne t i t e -quar t z-pyr i t e -go ld ' ore." Because the present day mine waste
and waste rock p i l e s in OU6 are the product of the mining of these ore bod i e s , the ir c ompo s i t i on r e f l e c t s to
some extent the l i t h o l o g i e s and mineralogy of the bedrock that was mined and processed.

The mineralogy and l i t h o l o g y of the metal ores was divided between two primary t y p e s ; the s u l f i d e ore and
oxide ore minerals. Because of the capaci ty to generate acid through ox ida t i on processes, the s u l f i d e
ores are po s s i b l e sources of acid rock drainage in OU6. The s u l f i d e ores were grouped by Err.mons (p.
192) a c cord ing to t h e i r m e t a l l i c content as f o l l o w s :

1 . Mass ive s u l f i d e ores, c o n s i s t i n g o f p r e p o n d e r a t i n g amount s o f m e t a l l i c s u i f i d e s :
a. P y r i t i c or iron ores,
b. G a l e n a or l e a d ores,
c. S p h a l e r i t e or zinc ores.
d. C h a l c o p y r i t e - b e a r i n g mixed s u f f i c e s o r c o p p e r ores.
e . M i x e d s u l f i d e s .
f . A r g e n t i t e - b i s m u t h i n i t e , o r s i l v e r - b i s m u t h ores.



2. Carbonate s u l f i d e ores, c on s i s t ing of mixtures of s u l f i d e s and l a r g e amounts of
manganosideri te .

3. S i l i c e o u s s u l f i d e ores, cons i s t ing of mixtures of s u l f i d e s with l a r g e amounts of quartz or
j a s p e r o i d :

a. Pyri t i c g o l d ores
b. C h a l c o p y r i t i c g o l d ores

The most abundant pyr i t i c iron ores are described as "o f t en ex tremely pure a g g r e g a t e s of p y r i t e with
re la t iv e ly smal l quant i t i e s o f other s u l f i d e s . " The d i s t r i b u t i o n of these s u l f i d e ore bodie s i n c l u d e d a number
of the major p r o d u c i n g mines that were located in OU6 as described by Emmons below :

"Bodies o f nearly pure pyr i t e are f o u n d in the mines o f Iron Hil l , Carbonate Hil l , Graham Park,
Breece Hil l , and Evans Gulch. . .In some p l a c e s the r e l a t i v e l y pure p y r i t e f o r m s the entire s u i f i d e
body, as in certain s l o p e s of the M a i d , R . A . M . , Greenback, M a h a l a , T u c s o n , Moyer , W o i f t o n e ,
ibex, and other propert ie s ."

The mineral compos i t ion of pyr i t e ore f r om the H e n r i e t t - M a i d mine, which is located a l o n g the south side of
Stray H o r s e G u l c h , was given as "Pyrite , 99.27 p er c en t ; c h a l c o p y r i t e , 0.02 p e r c e n t ; a r s e n o p y r i t e , 0.02 per
cent; argeni t e , 0.02 percent (or 5 ounces of s i lv er to the ton of ore}." It was a l s o noted that the
ar s enopyri t e "...indicates the source of the minute q u a n t i t i e s of arsenic f o u n d in the f lue du s t of the
smelter." {Emmons, p. 193) The p y r i t i c ore bodies in some of these mines can be de s cr ibed as massive.
An a p p r e c i a t i o n for thi s a d j e c t i v e can be f o u n d in the d e s c r i p t i o n by Emmons (p. 1 6 5 ) of the H e n r i e t t e -
Maid mine:

" I n t h i s mine a body o f s u l f i d e s e x t ended f r o m t h e P a r t i n g q u a r t z i t ° t h r o u g h t h e W h i t e l i m e s t o n e
as far down as the Lower or Cambr ian quartz i t e . The u p p e r 30 f e e t cons i s t ed of a mixture of
s p h a l e r i t e and p y r i t e . The next 10 to 12 f e e t c on s i s t ed of p y r i t e c o n t a i n i n g about 30 ounces of
s i l v e r to the ton. The t h i r d layer , 20 f e e t t h i ck , c on s i s t ed of p y r i t e c o n t a i n i n g 15 ounces of s i l v e r to
the ton. Beneath th i s was a mass of s o l i d p y r i t e 80 f e e t th i ck c o n t a i n i n g s treaks of c h a l c o p y r i t e
and a h i g h e r s i l v e r content than e i ther of the two l a y e r s above."

T h e r e f o r e , th e v / a s t e rock p i l e s d er ived f r o m these mas s ive s u l f i d e or e bodie s may be m a j o r c o n t r i b u t o r s
to ARD in r u n o f f waters.
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1.7 S a m p l e C o l l e c t i o n S i t e s

During the 1995 s p r i n g runoff, water and s ed iment s a m p l e s were c o l l e c t e d over a p e r i o d of 10 weeks
from 15 of 17 sites in OU6. No s a m p l e s were c o l l e c t e d f r o m 2 s i t e s on Little Stray H o r s e G u l c h . One set
of composite sample s were collected from a site de s ignated as EG-04 d u r i n g hoavy r u n o f f and erosion in
Evans G u l c h . The c o l l e c t i o n sites were located to s a m p l e f l o w , water chemi s t ry and s e d i m e n t c h e m i s t r y
a l o n g the d r a i n a g e p a t h of each basin and sub-basin in OU6 as de s cr ibed below in Table 1.7.1. The
locat ions a l l ow for the p o s s i b l e character izat ion and i d e n t i f i c a t i o n o f source areas w i t h i n each d r a i n a g e
basin. S a m p l i n g site locat ions are shown on F i g u r e 2.

T a b l e 1.7.1: O p e r a b l e U n i t 6 - Phase I - W a t e r and S e d i m e n t S a m p l i n g S i t e s .

B A S I N S t a t i o n I D Site Description
Evans G u l c h WE01

EGOS

WE02

EG01

EG02

S o u t h Evans G u l c h S E G 0 1

S E G 0 2

S E G 0 3

SEG04

S E G 0 5

Evans G u l c h most u p s t r e a m l o c a t i o n on east s i d e of Evans G u l c hRoad, near T a i l i n g s Area #2 and the Luema and S i l v e r S p o o n Mines.Receives d r a i n a g e f r o m the Resurrec t i on #2 and Diamond M i n e s .A p p r o x i m a t e e l e v a t i o n 11,035 f t . P r e v i o u s l y s a m p l e d b y W e s . - > ' - I n c .
Evans G u l c h on west s i d e of Evans G u l c h Road at c o n f l u e n c e f r o mdrainage south of Famous Mine. Almos t d i r e c t ly south of s tat ionW E 0 1 , thi s s i t e c o l l e c t s d r a i n a g e f r o m t h e N e w M o n a r c h , F a m o u s ,F o r t u n e , and Resurrect ion #1 M i n e s . A p p r o x i m a t e e l e v a t i o n 11,050 f t .
Evans G u l c h , 1,800 f t . downs t r eam o f c o n f l u e n c e wi th S o u t h EvansG u l c h , and 500 f t . downs t r eam f r o m the L i n c o l n G u l c h c o n f l u e n c e .Receives d r a i n a g e f r o m L i n c o l n G u l c h , S o u t h Evans G u l c h , a n d t h esub-basin drainage associated with site E G O S . A p p r o x i m a t e e levation10,810 f t . P r e v i o u s l y s a m p l e d b y W e s t o n I n c .
Evans G u l c h 1,800 f t . u p s t r e a m o f c o n f l u e n c e w i t h L i t t l e Evans G u l c h( C r e e k ) at Poverty Flat, and 3.3 mi. d owns t r eam from s t a t i o n WE02.A p p r o x i m a t e elevation 10,260 ft .
Evans G u l c h d o w n s t r e a m o f c o n f l u e n c e wi!h L i t t l e Evans G u l c h( C r e e k ) , nor th o f L e a d v i l l e and i m m e d i a t e l y west o f S t a t e H i g h w a y 24 .A p p r o x i m a t e e l e v a t i o n 10,100 f t .
S o u t h Evans G u l c h at head of o s s in where access rosd crossesd r a i n a g e . A p p r o x i m a t e e l e v a t i o n 1 1 , 3 4 0 f t .
S o u t h Evans G u l c h where access road crosses d r a i n a g e abovec o n f l u e n c e with A l p s G u l c h , near N o m e M i n e . A p p r o x i m a t e e l e v a t i o n
1 1 , 2 4 0 f t .
S o u t h Evar.s G u l c h below c o n f l u e n c e o f A l p s G u l c h d r a i n a g e , n sar
F a v o r i t e M i n e . Receives d r a i n a g e f r o m Bresca H i l i a n d I b s i c # 1 W i n e .A p p r o x i m a t e e l e v a t i o n 1 1 , 1 7 5 f t .
S o u t h Evans G u l c h midway between SEG-03 and c o n f l u e n c e withEvans G u l c h . C o l l e c t s d r a i n a g f f f r o m i n s W i n n i e , C i i i e R e e d , B i gF o u r , I b e x # 1 . e n d E r i o M i n e s . A p p r o x i m a t e e l e v a t i o n 11.075 f t
S o u t h Evans G ' j l c h 5 0 0 f t . above c o n f l u e n c e w i t h Evans G u l c h .
A p p r o x i m a t e e l e v a t i o n 1 0 . 9 5 0 f t .



L i n c o l n G u l c h L G 0 1

Stray H o r e e G u l c h S H G 0 7

S H G 0 8

S H G 0 9

S H G 1 0

L i n c o l n G u ' c h 3 0 0 f t . above c o n f l u e n c e wi th Evans G u l c h . C o l l e c t sd r a i n a g e f r o m Breece H i l l a n d t h e I b e x a n d S i l v e r K i n g , M i n e s a n das soc iated p i l e s . A p p r o x i m a t e e l e v a t i o n 10.850 f t .
U p p e r P a r s h a l l F l u m e o n S t r a y H o r s e G u l c h l o ca t ed i m m e d i a t e l y northof the Dolomite Mine and downs tream f r o m A d e l a i d e Park. C o l l e c t sd r a i n a g e f rom th* Penn #1, #2, and #3 M i n e s and the Park No. 4Mine. A p p r o x i m a t e e l evat ion 1 0 , 8 1 0 f t .
M i d d l e P a r s h a l l F l u m e on Stray Hors e G u l c h located 400 f t .downs tream f r o m the Old M i k a t o M i n e and waste p i l e 3.000 f t .downstream from SHG07. C o l l e c t s drainage from the Old M i k a d o andNew M i k a d o M i n e s t o th e s o u t h e a s t , and th e Highland M a r y No. 1 andNo. 2 Mines to the north. A p p r o x i m a t e elevation 10,550 ft.
Lower P a r s h a l l F l u m e on S t r a y H o r s e G u l c h , l o ca t ed 2,400 f t .downs tr eam o f S H G 0 8 a n d 4 5 0 f t . u p s t r e a m o f t h e H a m m ' s M i n e p i l earea. C o l l e c t s d r a i n a g e f r o m M a i d o f Erin, M a h a l a , R . A . M . A d a m sM i n e s , Greenback and W o l f t o n e and Asarco M i n s s on the s o u t h , andthe R e s u l t , McCormick and Robert Emmst M i n e s on the north.A p p r o x i m a t e e l eva t i on 10,400 f t .
S a m p l i n g site in L e a d v i l l e at 5th Avenue where piped Stray Hors eG u l c h f l o w j o i n s S t a i r Ditch . C o l l e c t s d r a i n a g e f r o m t h e H a m m ' sTailing p i l e area and p o s s i b l y some drainage f rom Litt le S t r a y HoreeG u l c h and i t s as sociated mines and waste rock p i l e s . A p p r o x i m a t eelevation 1 0 , 1 3 0 f t .

2.0 M E T H O D O L O G Y

2.1 Field and Labora tory Procedures and P r o j e c t Q u a l i t y Assuranc e

2.1.1 W a t e r and S e d i m e n t S a m p l i n g

This s a m p l i n g program e s t a b l i s h e d a cons i s t ent and p r o l o n g e d e v a l u a t i o n o f the d r a i n a g e s in OU6 f r o m
the b e g i n n i n g o f the snowmel t cycle, t h r o u g h the p e a k o f the r u n o f f season, and c u l m i n a t i n g wi th
d r a i n a g e s r e turning to normal f l o w pa t t e rn s in July. T h i r t e e n new s a m p l e l o c a t i o n s were e s t a b l i s h e d to
s u p p l e m e n t the 4 e x i s t i n g l o c a t i o n s and to bet ter u n d e r s t a n d the d y n a m i c s of s ur fa c e water f l o w and
s ediment t r a n s p o r t wi th in Evans G u l c h , S o u t h Evans G u l c h , L i n c o l n G u l c h , L i t t l e S t r a y H o r s e G u l c h , a n d
S t r a y H o r s e G u l c h . A l t h o u g h there were a t o ta l o f 17 s a m p l i n g l o c a t i o n s i d e n t i f i e d in the P h a s e 1
S a m p l i n g P l a n , o n l y 1 5 were s a m p l e d . N o s a m p l e s were c o l l e c t e d f r o m t h e 2 s i t e s o n L i t t l e S t r a y H c r s e
G u l c h due to the absence of r u n o f f water. W a t e r s a m p l e s were c o l l e c t e d over a p e r i o d of 10 weeks
b e g i n n i n g May 10, 1995, and e n d i n g July 26 , 1995. Because the s a m p l e s were u s u a l l y c o l l e c t e d over a
2-day p e r i o d on a w e e k l y f r e q u e n c y , each weeks se t o f s a m p l e s was termed a S a m p l e Event g r o u p . This
a l l o w e d f o r l o g i c a l g r o u p i n g and s i m p l i f i e d d a t a b a s e quer i e s by s a m p l e event number. Because t h e
s n o v / r r . s l t r u n o f f p r o g r e s s e s u p i n a l t i t u d e , n o t a l l s t a t i o n s were s a m p l e d d u r i n g a l l 1 0 event weeks. H i g h e r
a l t i t u d e s i t e s o n S o u t h Evans G u l c h were n o t s a m p l s d u n t i l E v e n t s 3 a n d 4 . A ' t e r several s a m p l i n g event s



t h e s a m p l i n g team a n d E P A - R e m e d i a ! P r o j e c t M a n a g e r ( R P M ) d e c i d e d t o d i s c o n t i n u e s e d i m e n t s a m p l e
c o l l e c t i o n , p a r t l y due to the heavy f l o w c o n d i t i o n s which made i t i m p o s s i b l e to s a f e l y s a m p l e s e d i m e n t ,
scouring of the sediment in Evans G u l c h , and it was felt that adequate sediment s a m p l e s had been
collected by early July. Measurements of associated environmental parameters such as pH, c onduc t i v i ty ,
and temperature aided in evaluation of po t en t ia l contaminates.

Three Parshal l f l u m e s were in s ta l l ed in December 1994 in Stray Horse G u l c h (SHG-07, SHG-08, SHG-
09) to prov id e accurate f l o w data for the e v a l u a t i o n o f s u r fa c e runof f inf i l trat ion to g r o u n d w a t e r . Previous
h y d r o l o g i c f l o w measurements in Stray H o r s e G u l c h i n d i c a t e d a p o s s i b l e s i g n i f i c a n t lo s s o f s ur fa c e r u n o f f
to the s ub sur fa c e groundwater. Water f l o w for al l other s i te s were measured with a p o r t a b l e v e l o c i t y f l o w
meter, and the area of f l o w measured at each site to compute the d i s c h a r g e .

2.1.2 S a m p l i n g M e t h o d o l o g y

M a n y contaminant metal s adsorb onto s u s p e n d e d s e d i m e n t s and are t r a n s p o r t e d downs tream in f i n d i n g
water. This concern was addres sed by o b t a i n i n g two 500-ml water s a m p l e s , one for a n a l y s i s of to tal
me ta l s and one f i l t e r e d s a m p l e us ing a 0.45 micron fi l ter, for a n a l y s i s of d i s s o l v e d rnetal s . A d e t a i l e d
d e s c r i p t i o n o f th i s s a m p l i n g procedure may be f o u n d in S t a n d a r d O p e r a t i n g Proc edure (SOP) No. 2A-9
[3].

A separate potential source for contaminant metals transport was addressed by obtaining a 250-mI
bed load sediment composite s ampl e in a g la s s jar. T h i s s a m p l e was taken f r om across the central two-
thirds of stream channel area, so as not to inc lude bank s l o u g h using the procedure ou t l ined in SOP No.
3A [4].

W a t e r s a m p l e s were c o l l e c t e d d i r e c t l y into t h e p r e - c l e a n e d , c e r t i f i e d , h i g h - d e n s i t y p o l y e t h y l e n e ( H O P E )
s a m p l e b o t t l e , e l i m i n a t i n g t h e need f o r d e c o n t a m i n a t i o n p r o c e d u r e s a n d p o t e n t i a l c r o s s - c on tamina t i on ,
with s a m p l i n g e q u i p m e n t . S e d i m e n t s a m p l e s were n o r m a l l y c o l l e c t e d u s i n g a n H O P E p l a s t i c s c oop ,
s p a t u l a , and quart-s ized m i x i n g bowl. Thi s e q u i p m e n t wa s d e c o n t a m i n a t e d a t t h e v e h i c l e b e f o r e l e a v i n g
each site.

S a m p l e s f o r i n o r g a n i c c o n s t i t u e n t s were a d d r e s s e d by c o l l e c t i n g a 1,000-rnl u n f i l t e r e d and non-pre s e rved
s a m p l e , a s o u t l i n e d in SOP No. 2A-9. [3] *



Cros s - con tamina t i on was avoided by c o l l e c t i n g water s a m p l e s f ir s t and then b e d l o a d s e d i m e n t , a lways
s t a n d i n g downstream w h i l e o b t a i n i n g a s a m p l e and moving up s t r eam between water and b e d l o a d s a m p l e
c o l l e c t i on . D u p l i c a t e s a m p l e s , f i e l d b l a n k s , a n d equ ipment r i n s a t e s a m p l e s were al so c o l l e c t e d d u r i n g
each s a m p l i n g event for q u a l i t y assurance and q u a l i t y control (GA/QC) p u r p o s e s and to a l l o w ex t ernal
v a l i d a t i o n of r e su l t s .

Infil tration of s u r fa c e water to groundwater , and e f f e c t s on meta l s l o a d i n g re la t ed to f l o w q u a n t i t y , have
been evaluated us ing three P a r s h a l l f l u m e s located in Stray H o r s e G u l c h between A d e l a i d e Park and
H a m m ' s T a i l i n g I m p o u n d m e n t . A hand h e l d - f l o w ve lo c i ty meter w a s used f o r a l l o ther s a m p l i n g s i t e s t o
evaluate s i m i l a r criteria. A f l o w measurement locat ion was e s t a b l i s h e d at each site by p l a c i n g a s t u r d y
s tring with ca l i bra t ed f oo t markers across the creek s p a n n i n g f r o m bank to bank and the area measured.
This main ta ined consi s tency for each l o c a t i o n and was e x p a n d a b l e as f l o w s changed at each site. At
several s i t e s , f l o w was not measured u n t i l Event No. 4, May 30, due to the difficulties associated with low
f l o w s , d e ep snow pack at the s a m p l i n g sites and p r o b l e m s with the v e l o c i t y meter.

As each s a m p l i n g s i te was e s t a b l i s h e d , a d e s c r i p t i o n of the l o c a t i o n was wri t t en into the field notebook;
and any subsequent d e v i a t i o n s f r om that f i r s t site were recorded in the field notebook. At the end of each
s a m p l i n g day, all s ample s were taken to the LMDTTP for processing. A p p r o p r i a t e s ampl e s were f i l t e r e d
a n d / o r a c i d i f i e d in accordance with SOP No. 10 [5]. C a l i b r a t i o n of field equipment was rechecked, and
deviations were recorded in the f i e l d notebook. All s ampl e l a b e l s were checked and clear taped to
prevent s m u d g i n g and tamper ing , EPA S a m p l e I d e n t i f i c a t i o n T a g s were comple t ed and secured to the
s ampl e containers, and chain of custody seals were placed over the capped opening. The chain of
custody form was comple t ed and signed. Each sampl e container was p la c ed in a s eparate z ip- l o ck p l a s t i c
bag to prevent leakage and cross contamination d u r i n g transport. For the f i r s t day of the s a m p l i n g event
all s a m p l e s were locked in cold storage. W h e n sampl e s f r om all sites had been co l l e c t ed and processed,
each analysi s g r o u p (total metals, d i s s o lv ed metals, inorganic, and s e d i m e n t ) was l o a d e d into s eparate
iced coolers. The a p p r o p r i a t e chain of cu s tody paperwork was p laced in a sealed z ip- l o ck p l a s t i c bag
i n s i d e the coolers, and cu s t ody s ea l s were po s i t i on ed across the cooler o p e n i n g s . All s a m p l e s were then
t r a n s p o r t e d to the R e c l a m a t i o n Research C h e m i s t r y L a b o r a t o r y in Denver, C o l o r a d o lab via G o v e r n m e n t
v e h i c l e .

T h a s a m p l e s were r e l i n q u i s h e d t o t h e r e c e iv ing R e c l a m a t i o n E n v i r o n m e n t a l Research C h e m i s t r y L a b
where s a m p l e i d e n t i f i c a t i o n w a s checked a g a i n s t t h e cha in o f c u s t o d y f o r m , a p p r o p r i a t e s i g n a t u r e s were
c o l l e c t e d , and the s a m p l e s were p l a c e d in secured r e f r i g e r a t e d c oo l e r s .
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2.1.3 C o m p o s i t e W a t e r S a m p l i n g

For three s eparate d a t e s d u r i n g th e r u n o f f cyc l e , c o m p o s i t e water s a m p l e s were c o l l e c t e d o u t s i d e o f th e
normal s a m p l i n g routine. T h e s e s a m p l e s were obtained f r o m some of the d e s i g n a t e d s a m p l e s i t e s , by
acquiring a p p r o x i m a t e l y 250 ml of water at f o u r d i f f e r e n t times of day wi th in the same 1000-ml s a m p l e
bottle. The data generated f r om these composites were compared to all other data f rom each equivalent
site to determine if v a r i a b i l i t y may occur at a site related to time of day sampl ed . Several of these
composi te s a m p l e s were ob ta ined on J u n e 1 6 , 1 9 9 5 , when heavy runoff f l o w s in Evans G u l c h eroded a
road crossing culvert p i p e at WE02. The erosion caused large amounts of s e d i m e n t to be d e p o s i t e d
f u r t h e r downstream at Big Evans Reservoir, causing concern for water q u a l i t y . The P a r k v i l l e W a t e r
District advised r e s id en t s to boil the ir water for a period of time a f t e r t h i s event. A n a l y s e s of these
s a m p l e s indica t e s much h i g h e r concentrat ions of contaminant m e t a l s due to the heavy s u s p e n d e d l o a d s
and are not i n c l u d e d in the d i s cu s s i ons and f i n d i n g s l a t e r in t h i s report. The i n t e r p r e t a t i o n of the d a t a in
this report on ly cons idered r e su l t s f r om the pr imary grab s a m p l e s c o l l e c t e d w i th in the r e g u l a r r u n o f f rvsnt
schedule.

2.1.4 Decontamination

The overall objec t ive of the decontamination procedure was to e l iminate cross-contamination of s a m p l e s
l e a d i n g to a f a l s e po s i t ive a n a l y t i c a l re sul t . Decon tamina t i on procedure s used t h r o u g h o u t the s a m p l i n g
program are documented in SOP No. 1 [6].

2 . 2 Database a n d G e o g r a p h i c I n f o r m a t i o n S y s t e m s ( C I S ) M a n a g e m e n t

The Phase I water s a m p l i n g da ta were l o a d e d in t o t h e R e c l a m a t i o n G e o t e c h n i c a l S e r v i c e s I n t e r g r a p h
Environmenta l Resource M a n a g e m e n t A p p l i c a t i o n s (ERMA) p r o g r a m which i s s u p p o r t e d by an Oracle
re la t i ona l database.

Prior to l o a d i n g in the database the data have been through a Q u a l i t y Assurance process, v /h i ch means
the d a t a have been v a l i d a t e d f or c o m p l e t e n e s s , accuracy, p r e c i s i o n , and q u a l i t y c o n f o r m a n c e by the !ab
b e f o r e b e ing d e l i v e r e d t o G e o t e c h n i c a l S e r v i c e s . T h e c h e m i s t r y l a b d a t a were r e f o r m a t t e d u s i n g M i c r o s o f t
Exce l 5 5 5 . 0 f o r s p r e a d s h e e t s t o create t h e i n p u t f o r t h e ERfvIA d a t a m o d e l and were t h e n t r a n s f e r r e d i n t o
t h e Oracle da taba s e . T o ensure t h a t n o c o r r u p t i o n o f t h e d a t a take s p l a c e w h i l e m a n i p u l a t i n g d a t a f r o m
t h e e x i s t i n g f o r m a t i n t o a f o r m a t c o m p a t i b l e w i t h t h e d a t a b a s e , t h e f o l l o w i n g chocks were made:
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In the s p r e a d s h e e t the number of a n a l y t e s are m u l t i p l i e d by the number of s a m p l e s to d e t e r m i n e
the total number of d a t a b a s e entries there s h o u l d be.

A spot check i n s p e c t i o n was made to ensure the s p r e a d s h e e t rows and d a t a b a s e c o lumns match.

T h r e e to f i v e percent of the a n a l y t i c a l values in the d a t a b a s e t a b l e were compared w i t h the
corr e spond ing or ig ina l da ta entries to ensure an accurate t r a n s l a t i o n .

No m a n i p u l a t i o n o f the a n a l y t i c a l values and c o r r e s p o n d i n g u n i t s was p e r f o r m e d ; o n l y the f o r m a t
of the data was changed. M i s s i n g d a t a , indicated by e m p t y c e l l s in the s pr ead sh e e t were
changed to "NULL" for entry into Oracle.

No new data were a d d e d to the data received. If the " s a m p l e j d " was not d e f i n e d in the
spreadsheet, it was generated by concatenating into one column the various text columns that
contained the s a m p l e j d .

A f u n c t i o n a l Oracle database was th e f ina l produc t c o n t a i n i n g the a p p l i c a b l e da ta . The ERMA suite o f
p r o d u c t s p r o v i d e s C I S a n d C A D D c a p a b i l i t i e s t o p r e f o r m t h e required s i t e a n a l y s i s .

2.3 Laboratory Analy s e s

T h e f o l l o w i n g sec t ions describe t h e a n a l y t i c a l ch emi s t ry m e t h o d s , q u a l i t y contro l p r o c e d u r e s a n d
d o c u m e n t a t i o n , a n d t h e da ta a n a l y s i s m e t h o d s a p p l i e d i n t h i s s t u d y . C h e m i c a l a n a l y s e s f o r t h i s s t u d y
were p e r f o r m e d by th e Bureau o f R e c l a m a t i o n , T e c h n i c a l S e r v i c e C e n t e r (TSC), E n v i r o n m e n t a l Research
C h e m i s t r y Labora tory, D-5240 ( t h e L a b ) . The Lab p e r f o r m e d th e a n a l y s e s t h r o u g h an i n t e r a g e n c y
agreement wi th t h e Region V I I I o f f i c e o f t h e Environmenta l P r o t e c t i o n A g e n c y ( E R A ) . A l l a n a l y t i c s : d a t a
q u a l i t y control and r e p o r t i n g requirement s were d e f i n e d in several U n i q u e Labora tory S a m p l e A n a l y s e s
( U L S A ) C l i e n t Request F o r m s n e g o t i a t e d wi th t h e R e g i o n V I I I E P A F i e l d Q u a l i t y A s s u r a n c e O f f i c e r , a n d
t h e Region V I I I S a m p l e Broker. T h e U L S A f o r m s d e f i n e d t h e required a n a l y t e s , m e t h o d s , required l i m i t s
o f d e t e c t i o n ( L O D ) , r e p o r t i n g l i m i t s , L a b q u a l i t y contro l r e q u i r e m e n t s , a n d r e p o r t i n g r equirement s f o r
s a m p l e d e l i v e r y g r o u p (SDG) reports , and th e ULSA requests were i n c l u d e d in th e p r o j e c t Q u a l i t y
A s s u r a n c e P r o j e c t P l a n ( Q A P P ) [ 7 ] , A l l s a m p l e s , o r g a n i z e d i n t o d i s c r e t e S D G s , were received f r o m
Reclamat ion f i e ld crews under a p p r o p r i a t e chain o f cu s t ody procedures . The f o l l o w i n g analys e s and
q u a l i t y contro l checks were r eque s t ed:
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' 2.3.1 D i s s o l v e d and Total

j Trace M e t a l s in we*er s a m p l e s were analyzed us ing I n d u c t i v e l y - C o u p l e d Pla sma Emission S p e c t r o s c o p y
< ( I C P - E S , o r I C P ) , a n d G r a p h i t e Furnace A t o m i c A b s o r p t i o n S p e c t r o p h o t o m e t r y ( G F A A ) . S a m p l e s l a b e l e d
| ~ as T o t a l Meta l s " were received unfiltered and acidified and were d i g e s t e d u s i n g microwave-assi s ted acid
1 d i g e s t i o n , EPA M e t h o d 3 0 1 5 A , pr ior to ana ly s i s . S a m p l e s l a b e l e d "Dis s o lv ed M e t a l s " were receivedt1 filtered and acidified and were a n a l y z e d wi thout p e r f o r m i n g d i g e s t i o n . The f o l l o w i n g m e t h o d s , d e t e c t i o n

l i m i t s , and r e p o r t i n g l i m i t s were reques ted:

T a b l e 2.3.1
Element
Cal c iumM a g n e s i u mS o d i u mPotas s iumA l u m i n u mS i l i c o nC o p p e rI r o nM a n g a n e s eZincArsen i cS i l v e rCadmiumLead

EPAM e t h o d
200.7
200.7
200.7
200.7
200.7
200.7
200.7
200.7
200.7
200.7
206.2
272.2
213.2
239.2

RequestedT e c h n i q u e
I C P
I C P
I C PI C PI C P
I C P
I C PI C PI C P
I C P
G F A AG F A A
G F A A
G F A A

LaboratoryLOD, m g / L
0.050
0.050.0501.00
0.030
0.020
0.005
0.004
0.004
0.005
0.001
0.0005
0.0001
0.00139

RequestedR e p o r t i n g L i m i t , m g / L
0.067
0.033
0.100
3.3
0.100
0.070
0.017
0.070 -

0.017
0.017
0.003
0.002
0.0005
0.003

L O D r epr e s en t s L i m i t o f Det e c t i on , a s d e f i n e d b y J . K . T a y l o r ' s Q u a l i t y A s s u r a n c e o f C h e m i c a l
Measurement s [8]. LOD is d e f i n e d as 3 t imes the s t a n d a r d d e v i a t i o n , s 0 , e s t imat ed f r o m r epea t ed
measurements of a s t a n d a r d or s a m p l e . S t a n d a r d d e v i a t i o n , s 0 , was d e t e r m i n e d for each a n a l y t e
by 15 r e p l i c a t e measurements of an i n t e r - l a b o r a t o r y p e r f o r m a n c e e v a l u a t i o n s a m p l e s t a n d a r d ,
p e r f o r m e d under i d e n t i c a l in s t rument c o n d i t i o n s used f o r a n a l y s i s o f e n v i r o n m e n t a l s a m p l e s .
Reques t ed r e p o r t i n g l i m i t s r epre s ent the LOQ, or l i m i t of q u a r . t i t a t i c n , d e f i n e d by T a y l o r to be 10
times s0. S i l i c o n was analyzed as d i s s o l v e d only.

M a t r i x p r o b l e m s encountered d u r i n g G F A A a n a l y s e s were re so lved u s i n g s i m p l e m e t h o d o f
s tandard a d d i t i o n s , as described in EPA SW-846 Method [9] 7000A.

2.3.2 G e n e r a ] W a t e r C h e m i s t r y A n a l y s e s

T h e f o l l o w i n g g e n e r a l c h e m i s t r y a n a l y s e s were r eque s t ed f o r f i l t e r e d , u n p r e s s r v e c i water s a m p l e s . T h e
f o l l o w i n g m e t h o d s a n d requested d e t e c t i o n a n d r e p o r t i n g l i m i t s were used ( i C = i o n c h r o r n a t o g r a p h ) :

13



T a b l e 2.3.2

Element
S u l f a t e
C h l o r i d e
pH
A l k a l i n i t y
Residue
Conduc tance

EPA
Method
300
300
150.1
310.1
160.1
120.1

Requested
Technique
1C
1C
Elec trometric
Titrimetr i c
G r a v i m e t r i c
E l e c t r o m n t r i c

Lcboratory
LOD, mg/L
3.00
1.00
n/a
1.0
5.00
n/a

Requested
Reporting L i m i t , m g / L
10.0
3.3
n / a
3.3
16.7
n / a

Requested LOD and r e p o r t i n g l i m i t s (LOQ) are d e f i n e d as above.

2.3.3 Trace Metal A n a l y s e s for S e d i m e n t s

Sediment s ampl e s were d ig e s t ed us ing EPA Method 3051 Microwave A s s i s t e d D i g e s t i o n and analyzed for
the f o l l o w i n g elements:

T a b t e 2.3.3

Element
AluminumC o p p e rIronManganeseZincArsenicS i l v e rCadmiumLead

EPAMethod
601 OA601 OA601 OA6010A
601 OA
7060A
7761
7131A
7421

RequestedT e c h n i q u e
I C PI C PI C PI C PI C P
G F A AG F A AG F A A
G F A A

Requested
L O D , m g / k g
6.00
1.004.001.001.000.200
0.100
0.020
0.100

RequestedR e p o r t i n g L i m i t , m g / k g
6.0
1.04.01.01.00.51.00.50.1

Requested LOD and r e p o r t i n g l i m i t s (LOQ) are d e f i n e d as above.

S a m p l e s were b l ended ( s t i r r e d ) prior to s u b s a m p l i n g for M e t h o d 3051 microwave assisted
d ige s t i on . Since many sample s were wet sediment-water slurries, grab sub- sample s
were used.

2.4 L a b o r a t o r y Q u a l i t y C o n t r o l

Lab QC checks, accep tance and correct ive act ion c r i t e r i a , and the c o n t e n t s of r e p o r t i n g p a c k a g e s were
d e f i n e d in d e t a i l by tne ULSA request f o r m s m e n t i o n e d above in s e c t i on b.2. Data for each SDG were
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summarized in s eparate d a t a d e l i v e r y p a c k a g e s which p r o v i d e d a s t a n d a r d EPA c h e c k l i s t cover, a case
narrative d e s c r i b i n g p o t e n t i a l da ta q u a l i t y p r o b l e m s , a da ta t a b l e l i s t ing f ina l r e s u l t s , Labora t ory QC
repor t s , d e t e c t i o n l i m i t s r epor t s , several Contract l a bora t ory P r o g r a m ( C L P ) f o r m s f o r t h e I C P , a n d
a p p r o p r i a t e raw deta for each requested analyte. The f o l l o w i n g QC checks and documentation were
prov ided for each SDG (TV = true value):

2.4.1 M e t h o d 200.7 ICP A n a l y s i s for Waters and S e d i m e n t s

QC checks for ICP trace elements inc luded the f o l l o w i n g :

C A L I B R A T I O N S T A N D A R D S S U M M A R Y : I n s t r u m e n t c a l i b r a t i o n w a s p e r f o r m e d a n d
documented according t o t h e requirements i n t h e E P A Region V I I I - R e c l a m a t i o n I A G
#DW1 4953680-01 be fore any environmental sample s were analyzed.

P R E P A R A T I O N ( R E A G E N T ) a n d D I G E S T I O N ( M E T H O D ) B L A N K S ( 1 p e r S D G , f o r each ty.ie o f
run - t o t a l , d i s s o l v e d , or s ed iment - non-detect at requested LOD). For to tal and s ed imen t trace
e l ement s , d i g e s t e d ( m e t h o d ) b l a n k and reagent b l a n k wa s run. For DISSOLVED m e t a l s , r eagent
blank only was run.

I N I T I A L C A L I B R A T I O N B L A N K ( 1 C B ) w a s a reagent b l a n k r u n a f t e r t h e I C V s t a n d a r d .

C O N T I N U I N G C A L I B R A T I O N B L A N K ( C C B ) w a s a reagent b lank r u n a f t e r t h e C C V
s tandard.

P R E P A R A T I O N B L A N K ( P B ) w a s r u n a f t e r t h e I C B o n l y f o r to ta l m e t a l s a n d s e d i m e n t s a n d
was a d i g e s t e d reagent b l a n k .

I C V - I N I T I A L C A L I B R A T I O N V E R I F I C A T I O N : ( 1 p e r r u n a f t e r c a l i b r a t i o n s t a n d a r d s a n d b l a n k ,
p r i o r to s a m p l e s , ± 10% of TV).

DUPLICATE SAMPLE RPD (1 se t per SDG, RPD <. 20%): RPD c a l c u l a t e d as i n d i c a t e d in the
EPA Contract Laboratory Program (CLP) Inorganic Statement of Work, ILMO3.G.
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SPIKED SAMPLE RECOVERY (1 per SDG, each analyt e , 75% to 125% as percent recovery).
S p i k e wa s added t o d i g e s t i o n f or TOTAL m e t a l s and s e d i m e n t s .

QC CHECK SAMPLE (1 per SDG, 80% -120% of TV). The QC check s t andard for t o ta l m e t a l s
was dige s t ed using Method 3015A, the check sample for s ediments was d ig e s t ed using Method
3051A.

C C V - C O N T I N U I N G C A L I B R A T I O N V E R I F I C A T I O N ( 1 p e r S D G a t e n d o f run, each a n a l y t e , ±
10% of TV).

I C S S T A N D A R D - I N T E R F E R E N C E C H E C K S A M P L E ( 2 p e r S D G - a f t e r I C V a n d a t e n d o f run,
TV ± 20% for each a n a l y t e ) : The ICS s tandard was a p p l i e d as d e f i n e d in the current CLP
Statement of Work for Inorganic Analysis, Multi-Media, Multi-Concentration.

S T A T I S T I C A L D E T E C T I O N L I M I T REPORT (run q u a r t e r l y , a t t a c h e d t o Q C report p a c k a g e ) .
Detection l i m i t s are described in section b.2 above.

2.4.2 GFAA A n a l y s e s

The same QC checks as were used for ICP were a p p l i e d to GFAA analy s e s . R e f e r to the above sec t ion
f o r de ta i l s .

2.4.3 S u l f a t e and C h l o r i d e by M e t h o d 300 Ion C h r o m a t o g r a p h y

QC checks for these analyte s inc luded the f o l l o w i n g :

C A L I B R A T I O N S T A N D A R D S S U M M A R Y : ( s i m i l a r t o I C P a n d G F A A above).

PREPARATION (REAGENT) BLANK (1 per SDG - non-detect a t requested de t e c t ion l imi t).

I C V - I N I T I A L C A L I B R A T I O N V E R I F I C A T I O N : ( 1 p e r r u n a f t e r c a l i b r a t i o n s t a n d a r d s a n d b l a n k ,
p r i o r to s a m p l e s , ± 10% of TV).

D U P L I C A T E S A M P L E R P D ( 1 s e t p e r S D G , R P D < . 20%).
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QC CHECK SAMPLE (1 per SDG, 80% - 120% of TV).

CCV - CONTINUING CALIBRATION VERIFICATION (1 per SDG at end of run, each ana ly t e , ±
10% of TV).

S T A T I S T I C A L D E T E C T I O N L I M I T REPORT ( r u n q u a r t e r l y , a t tached t o Q C report pa ckage) .

2.4.4 pH and Alkalinity by M e t h o d 310.1

QC checks for t h i s a n a l y t e i n c l u d e d the f o l l o w i n g :

p H M E T E R C A L I B R A T I O N S U M M A R Y : ( s i m i l a r t o I C P a n d G F A A above).

DUPLICATE SAMPLE RPU (1 set per SDG, £ 20%).

QC CHECK SAMPLE (1 per SDG, 80% -120% of TV).

2.4.5 F i l t e r a b l e Residue by M e t h o d 160.1

QC checks for t h i s a n a l y t e i n c l u d e d the f o l l o w i n g :

B A L A N C E C A L I B R A T I O N C H E C K : Balance c a l i b r a t i o n check sequence number f r o m balance
cal ibrat ion l ogbook is i n c l u d e d in QC report.

P R E P A R A T I O N ( R E A G E N T ) B L A N K ( 1 p e r S D G - non-detec t a t reques t ed d e t e c t i o n l i m i t ) .

DUPLICATE SAMPLE RPD (1 set per SDG, RPD <: 20%).

QC CHECK SAMPLE (1 per SDG, 30% - 120% of TV).

2.4.S C o n d u c t i v i t y ( C o n d u c t a n c e ) by M e t h o d 120.1

Q C checks f o r t h i s a n a l y t e i n c l u d e d t h e f o l l o w i n g :



I C V - I N I T I A L C A L I B R A T I O N V E R I F I C A T I O N : ( 1 p e r r u n a f t e r c a l i b r a t i o n s t a n d a r d s a n d b l a n k ,
prior to s a m p l e s , ± 10% ofTV).

DUPLICATE SAMPLE RPD (1 set per S D G , RPD s 20%).

QC CHECK SAMPLE (1 per S D G , 80% -120% of TV).

2.5 Laboratory Data Review and E v a l u a t i o n

There were several layers of in spec t i on and review of a n a l y t i c a l data. W i t h i n the R e c l a m a t i o n Research
Chemi s t ry Lab, each analyst involved with t h i s p r o j e c t was required to review the c a l i b r a t i o n , p r e c i s i o n ,
and accuracy QC checks i m m e d i a t e l y f o l l o w i n g each SDG run, and to re-run and take a p p r o p r i a t e
corrective actions for QC requirement exceedences. A n a l y s i s concentrat ion da ta and QC i n f o r m a t i o n
were then t r a n s f e r r e d to a p p r o p r i a t e f orms and da ta t a b l e s which were checked for t r a n s c r i p t i o n errors.
Data d e l iv ery package s were then assembled and checked agains t ULSA agreement requirements and
then forward-sd to the Lab QC Officer. The QC Officer then checked and reviewed the a s s emb l ed d a t a
package s , wrote the case narrative, and f o rwarded the f inal data p a c k a g e s to the EPA S a m p l e Broker and
Reclamat ion c l i en t s . F o r m a l da ta v a l i d a t i o n f o r each S D G w a s p e r f o r m e d b y t h e E P A Region V I I I d a t a
v a l i d a t i o n s t a f f .

The QA sample s submit t ed to the Lab as b l i n d s (coded with an -02- or -03- in the m i d d l e of the s a m p l e
ident i f i er) were a u d i t e d by Reclamat ion p r o j e c t s ta f f t o check for t r a n s c r i p t i o n errors, and to e v a l u a t e f i e ld
s a m p l i n g procedure s and labora tory p e r f o r m a n c e on b l i n d f i e ld d u p l i c a t e s and b l a n k s . T h e s e r e s u l t s ar e
summarized in a TSC QA review memorandum [ 1 0 ] .

Primary s a m p l e data (coded wi th an -01- in the m i d d l e o f the s a m p l e identi f ier), were al so reviewed p r i o r
to data analysi s and p l o t t i n g by the p r o j e c t chemist. Primary data were checked for instances where
d i s s o l v e d concentrat ions were great er t han to ta l c o n c e n t r a t i o n s , and m a j o r ions d a t a se t s were e v a l u a t e d
u s i n g cat ion-anion ba lance . M a j o r i o n data f o r s a m p l e s f r o m S t r a y H o r s e a n d L i n c o l n G u l c h e s were n o t
evaluated us ing ion balance since a large port ion of ionic ac t iv i ty in these s a m p l e s is f r om e l evat ed trace
e l emen! concentra t i on s .

Data for d i s s o l v ed and total trace e l ement concentrat ions were reviewed to identify anomalou s d a t a wher
d i s s o l v e d were g r e a t e r t h a n t o t a l c o n c e n t r a t i o n s . T h i s r e s u l t e d i n three p o s s i b l e q u a l i t y d e c i s i o n s based
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on the m a g n i t u d e o f th e d i f f e r e n c e observed for "d i s s o lv ed g r e a t e r than t o t a l " a n o m a l i e s . T h e s e d e c i s i o n s
d e p e n d e d on whether the sample's measured values were near the l i m i t of d e t e c t i o n (LOD), grea t er than
the LOD, or i f a l l the e l e m e n t s for a s a m p l e had d i s s o l v e d trace e l e m e n t value s gr ea t er than t o t a l v a l u e s ,
i n d i c a t i n g switched s a m p l e a n a l y s i s ( s u g g e s t i n g p o s s i b l e l a b e l i n g error). T h e f o l l o w i n g t ab l e l i s t
( c o n t a i n i n g 24 anomalous d a t a o b s e rva t i on s) was c o m p i l e d for al l d i s s o l v e d and to ta l trace e l e m e n t
s ampl e s :

T a b l e 2.5: S u m m a r y o f anomalou s contaminant d a t a r e s u l t s for the 1995 d a t a set.

S t a t i o n
EG01EG02
S E G 0 1
S E G 0 1S E G 0 1
S E G 0 2S E G 0 2
S E G 0 2S E G 0 3
SEG03S H G 0 7
S H G 0 7S H G O V
S H G 0 9
S H G 1 0WE01WE01WE01WE01
WE01
WE02WE02
WE02
WE02

Dale
6 / 2 8 / 9 5
6 / 1 3 / 9 5
6 / 1 4 / 9 5
6 / 2 7 / 9 5
7 / 2 7 / 9 5
6 / 2 0 / 9 5
6 / 2 7 / 9 5
7/27/95
7 / 1 1 / 9 5
7/27/95
5 / 2 5 / 3 5
5/30/95
7/26/95
6/07/95
7 / 1 0 / 9 5
5 / 1 6 / 9 5
5 / 3 0 / 9 5
5 / 3 0 / 9 5
6 / 2 7 / 9 5
7 / 1 0 / 9 5
5/10/95
5 / 1 0 / 9 5
5 / 3 0 / 9 5
7 / 1 0 / 9 5

E l e m e n t ( s )
AsCdZnZnM g . Z nZnZn
M g , Z nZnZnA I . C u . F e . M n . Z n . A s . C dMn, ZnA I , F e , M n , Z n , C dAsAsAsAsM g . Z nZn
M g , Z nAs
A l , Z nZnZn

Observation
N e a r l i m i t o f d e t e c t i o n ( L O D )P o s s i b l e c on tamina t i on o f d i s s o l v e d s a m p l eN e a r l imi t o f detect ion (LOD)P o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eP o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eN e a r l i m i t o f d e t e c t i o n ( L O D )N e a r l i m i t o f d e t e c t i o n ( L O D )P o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eP o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l ePoss ib le contamination of dissolved s a m p l eP o s s i b l e l a b e l switchP o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eP o s s i b l e labe l switchPos s i b l e contamination of dis solved s a m p l eN e a r l i m i t o f d e t e c t i o n ( L O D )N e a r l i m i t o f d e t e c t i o n ( L O D )N e a r l i m i t o f d e t e c t i o n ( L O D )P o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eP o s s i b l e c on tamina t i on o f d i s s o l v e d s a m p l eP o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eN e a r l imi t o f de t e c t ion ( L O D )P o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eP o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l eP o s s i b l e c o n t a m i n a t i o n o f d i s s o l v e d s a m p l e

N e a r l i m i t o f d e t e c t i o n ( L O D ) - d i s s o lv ed * t o t a l ( c o n c e n t r a t i o n w i t h i n 1 /3 o f L O D )
P o s s i b l e c o n t a m i n a t i o n of d i s s o l v e d s a m p l e - d i s s o l v e d > t o t a l ( c o n c e n t r a t i o n > 1 /3 of L O D )
P o s s i b l e l ab e l switch - a l l d i s s o l v e d > t o t a l ( m a n y e l e m e n t s )

The re sul t s of thi s ana ly s i s of the anomalous data observations ind i ca t e 8 out of 1,000 analy t e s (0.8%)
were f o u n d t o have d i s s o l v e d gr ea t e r t h a n t o t a l s , f i v e occurrences f or As and three f or Zn; however, th e
concantrat ions were near 1/3 of the LOD. D i s s o l v e d g r e a t e r than t o t a l a n o m a l i e s are not u n u s u a l in the
lower concentra t i on ranges du e t o grea t er v a r i a b i l i t y r e l a ' i v e t o t h e a b s o l u t e measured c o n c e n t r a t i o n s .
F o r d i s s o l v e d g r e a t e r than t o t a l d i f f e r e n c e s g r e a t e r than e x p e c t e d v a r i a b i l i t y where c o n t a m i n a t i o n i s
s u s p e c t e d , a n o m a l i e s occurred in 18 o f the 1000 ana'yt e s ( 1 . 8 % ) ; 12 occurrences for Zn, 4 f or Mg, snd 1
each f o r C d , M n , A s . a n d A l . T w o o u t o f t h a 1 0 0 s a m p l e s (2%) i n d i c a t e d a p o s s i b l e l a b e l s w i t c h i n g s ine s
G O many t rac e o ' s m s n t s chews i d i s s o l v e d g r e a t e r t h a n t o t s ! a n o r n r l i r s . T h o s e q u a l i t y p r o b l e m s o r e \vc!!
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w i t h i n reasonable e x p e c t a t i o n f o r a s t u d y o f t h i s size and c o m p l e x i t y , and thu s do no t a f f e c t i n t e r p r e t a t i v e
conc lu s ions made in the f o l l o w i n g sections.

2.6 Data H a n d l i n g and A n a l y s i s

O r i g i n a l da ta t a b l e s for each SDG were e l e c t r o n i c a l l y p r o v i d e d by way o f M i c r o s o f t Excel® for W i n d o w s ,
version 5.0, spr ead she e t f i l e s . T h e s e s p r e a d s h e e t s were combined into a master s p r e a d s h e e t that was
archived as an Oracle® re la t i ona l da taba s e running on a UNIX server.

The pro j e c t chemist used M i c r o s o f t Access® for W i n d o w s , version 2.0, to create a databas e; f r o m data in
the master Excel* 5.0 spr ead sh e e t . Access query t a b l e s were created for d i s s o l v e d trace e l e m e n t s , t o t a l
trace e l emen t s , s ed iment trace e l e m e n t s , major cations, and anions , which were then e x p o r t e d as Excel*
for W i n d o w s , version 3.0, spreadshee t s .

A p p r o p r i a t e l y paired Excel* 3 . 0 s p r e a d s h e e t s were then c o m b i n e d , a n d t h e s a m p l e I D f i e l d s ( i n c l u u ' s d m
each s p r e a d s h e e t ) were used to con f i rm that the data and s a m p l e s were correctly matched. T o t a l and
d i s s o lv ed trace e l ement s were combined into a s i n g l e m e t a l s s p r e a d s h e e t , and m a j o r ca t ions and anion s
were s i m i l a r l y combined into an ions s p r e a d s h e e t . Combined s p r e a d s h e e t s and the s ed imen t trace
e lements s p r ead sh e e t were then edited to remove text a n n o t a t i o n s f r o m numeric d a t a , and to change all
non-detect (ND and less than ###) a n a l y t e data c e l l s to o n e - h a l f the LOD for each a n a l y t e (to a l l o w for a
more unbiased s ta t i s t i ca l a n a l y s i s o f the da ta). [12]

The edi ted Excel® 3.0 s p r e a d s h e e t s were then converted to SPSS® for W i n d o w s , version 6.0, (Stati s t i cal
Package f o r t h e S o c i a l S c i e n c e s , S P S S , I n c . ) da ta f i l e s u s i n g D B M S / C o p y P l u s ™ , version 4 . 0 ( S P S S ,
Inc), an MS-DOS fi le conversion program. SPSS® was used for all subsequent s ta t i s t i ca l analys i s and
da ta p l o t t i n g . A n y f u r t h e r a d j u s t m e n t s o r e d i t i n g o f da ta were p e r f o r m e d i n t h e S P S S ® environment .

Trace element data f rom th i s s t udy were p l o t t e d on normal p r o b a b i l i t y scale p l o t s ; and almost all variable s
are n o n - n o r m a l l y d i s t r i b u t e d , both wi th r e spec t to the en t i r e d a t a set and sub s e t s based on bas in and
s t a t i o n . Because of the n o n - n o r m a l i t y of d a t a , the med ian was used to e s t i m a t e the c en tra l t e n d e n c y of
each d a t a set examined. S i n e s the msdian is a rank-bassd s t a t i s t i c r e p r e s e n t i n g the 50th p e r c e n t i l e ,
50 percent o f the da?a w i l i be equal to or g r e a t e r t h a n the m e d i a n v a l u e . T h u s , i f a water q u a l i t y r e g u l a t i o n
i s exceeded by the m e d i a n c o n c e n t r a t i o n , i t i s s a f e to c o n c l u d e t h a t at l e a s t hal f o f the s a m p l e s a l s o
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exceed the regulated concentration. In cases where data sets were n o r m a l l y d i s t r i b u t e d , the median and
mean coincide.

**»

F l o w - w e i g h t e d metal l o a d i n g in k g / w k wa s c a l c u l a t e d u s ing th e f o l l o w i n g f o r m u l a :

(f l ow , fP/ s) X (28.3168 L/ f t 3 ) X (6.048 x 1 0 5 s / w k ) X ( m e t a l cone, pg/L)
( 1 . 0 x 1 0 9 u g / k g )

3 . 0 G E O C H E M I C A L M O D E L I N G O F S N O W M E L T R U N O F F W A T E R

In order to assess and characterize the changes in di s so lved minerals with f l o w and chemis try, m o d e l i n g
o f t h e Phase 1 r u n o f f chemi s try data w a s p e r f o r m e d u s i n g t h e E P A M I N T E Q A 2 model [ 1 2 ] . T h e
MINTEQA2 chemical equ i l i br ium comput er model was used to c a l c u l a t e the e xp e c t ed e q u i l i b r i u m chemical
spec ia t ion (the concentrat ion, as a c t i v i t y , o f al l the d i f f e r e n t chemical c o m p o u n d s that w i l l f o r m with each
c o m p o n e n t ) and miners! sa turat ion indices ( c a l c u l a t e d for al l m inera l s p o t e n t i a l l y involved in wea ther ing to
produce the s a m p l e water c h e m i s t r y ) for s a m p l e s h a v i n g m a j o r ions and d i s s o l v e d trace e l ement data.

M I N T E Q A 2 data f i l e s were created us ing t h e P R O D E F A 2 data entry p r o g r a m . N o n - d e t e c t e l e m e n t s d a t a
were not entered into the model data sets. The s a m p l e s were assumed to be in e q u i l i b r i u m with
atmospher i c gases: the p a r t i a l pressure of carbon d i o x i d e gas, p C O 2 , was f i x e d at 0.000224 atm, and the
par t ia l pressure of oxygen, pO2, was f i x ed at 0.1421 atm. T h e s e p a r t i a l pres sures corre spond to e x p e c t e d
values at e levation 10,400 ft. Field pH and t e m p e r a t u r e d a t a were entered as the s a m p l e e q u i l i b r i u m
values. Because of time constraints and a lack of i n f o r m a t i o n on s u s p e n d e d s ed imen t s (e.g. m i n e r a l o g y ,
s ur fa c e area, sur fa c e c h e m i s t r y ) , no a t t e m p t was made to model a d s o r p t i o n processes wi th MINTEQA2.
All m o d e l i n g used e l ementa l data f r om f i l t e r e d (0.45pm pore- s i z e) s a m p l e s , o p e r a t i o n a l l y d e f i n e d a s
d i s s o l v e d concentrations. The term "so l id phase" used in t h i s report r e f e r s t o the c oncentra t i on d i f f e r e n c e
between "total" ( u n f i l t e r e d ) a n d "di s so lved" ( f i l t e r e d ) s a m p l e s .

Arsen i c da ta , repor t ed a s pg/L e l e m e n t a l As, were g r a v i m e t r i c a l l y converted and entered a s MINTEQA2
component # 0 6 1 , H . j A s O 4 . S i l i c o n d a t a , r epor t ed a s m g / L e l e m e n t a l S i , v / ere g r a v i m a t r i c a l y converted s n d
entered as MINTEQA2 c o m p o n e n t #770, H ^ S i O 4 . iron was entered as Fe* 3 , c o m p o n e n t #281, whi ie all
o t h e r ca t i on i c e l e m e n t s v/ere e n t e r e d a s d i v a l e n t (+2 c h a r g e ) c o m p o n e n t s , e x c e p t f o r s i l v e r , e n t e r e d a s
monovalent Ag*, component #020.
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MINTEQA2 runs were p e r f o r m e d for i n d i v i d u a l s a m p l e da ta sets, as well as median values da ta sets for
each s a m p l i n g station. Individual s ampl e spec iat ion and mineral saturation i n d e x data were then entered
into t h e trace e lement s S P S S ® da ta f i l e f o r p l o t t i n g a n d a n a l y s i s . M e d i a n value s s t a t i o n summaries o u t p u t
are summarized in the f o l l o w i n g sections numbered 3.X.5 and 3.X.6. O u t p u t f i l e s were saved in ASCII text
f ormat .

The reader is cautioned that the results calculated by the M1NTEQA2 model d e p e n d on the a s sumpt ion
that the data repre sent s a water that is at chemical e q u i l i b r i u m . In f l o w i n g systems such as snowmelt
runoff, the a s s u m p t i o n of e q u i l i b r i u m cond i t i on s may be v i o l a t e d , and m o d e l i n g r e su l t s may be l e s s
quant i ta t iv e . T h u s , t h e more s p e c i f i c a n d d e t a i l e d t h e i n t e r p r e t a t i o n derived f r o m M I N T E Q A 2 r e s u l t s , t h e
more important as sumption violations become. Here are some example s where the a s sumpt i on of
equi l ibrium may be violated:

Dynamic Inflow/Outflow Conditions: A d s o r p t i o n to s u s p e n d e d p a r t i c u l a t e s is a d y n a m i c pr cro s s
where f r e s h s ed iment and d i s s o l v e d i n p u t s f r o m f e e d e r streams are m i x i n g in c o m p l e x and
chaotic ways. S u s p e n d e d s ediments are also s i m u l t a n e o u s l y s e t t l i n g out of the water co lumn.
W i t h changing i n f l u e n t and e f f l u e n t mass l o a d i n g and d e p l e t i o n occurring along a dra inage p a t h ,
the reactants and produc t s are c o n s t a n t l y c h a n g i n g ; and the water cannot be cons idered at
e q u i l i b r i u m .

Peaction Kinetics: W h i l e many mineral weathering reactions and chemical s o l u t i o n reactions that
f o r m trace element complexes occur quickly (on the order of seconds), some occur more s l o w l y
(on the order of hours or days). The kinetics of a p a r t i c u l a r reaction may be s lower than the r u n o f f
f l o w residence time wi l l a l l o w , and th i s r epr e s en t s n o n - e q u i l i b r i u m c o n d i t i o n .

Mixing and Turbulent F/ow. S e d i m e n t s and d i s s o l v e d c o n s t i t u e n t s may mix at d r a i n a g e bas in
c o n f l u e n c e s ; however, they may not mix in a homogeneous manner. C o l d e r or h i g h e r s a l i n i t y
waters wi l l exhibit d en s i ty grad i en t s that resist m i x i n g , and the mix ing process does take t ime ('hat
i s , l a t e r a l d i s t anc e a l o n g the s tream). A c o l l e c t e d s a m p l e that does not r epr e s en t a fu l ly mixed
sy s t em w i l l p r o d u c e measured a n a l y t i c a l d a t a t h a t c i c n o t r e p r e s e n t a f u l l y mixed s y s t e m , a n d t h i s
is a n o n - e q u i l i b r i u m c o n d i t i o n .

The mineral sa turat ion index , l og (AP/KT), i s t h e l og o f t h e e q u i l i b r i u m so iut ion ac t iv i ty p r o d u c t (AP)
d i v i d e d b y t h e e q u i l i b r i u m cons tant , K , f o r t h e mineral d i s s o l u t i o n reaction, times t h e ° K t e m p e r a t u r e . T h e
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sa tura t i on i n d e x s u g g e s t s whe ther a given water i s over sa tura t ed ( p o s i t i v e v a l u e s ) or u n d e r s a t u r a t e d
( n e g a t i v e v a l u e s ) with respect t o a given m i n e r a l , a n d M I N T E Q A 2 c a l c u l a t e s s a t u r a t i o n ind i c e s f o r a l l
mineral s whose wea ther ing or d i s s o l u t i o n may have p o t e n t i a l l y c o n t r i b u t e d to the f inal e q u i l i b r i u m
concentrations (expre s s ed as thermodynamic activity).

MINTEQA2 sa tura t i on ind i c e s (Si' s) that are near zero sugge s t tha t the p a r t i c u l a r water i s a t or near
e q u i l i b r i u m with the given mineral and that the d i s s o l u t i o n and p r e c i p i t a t i o n of the mineral will have a
regulating e f f e c t on the water chemistry. SI values greater than ± 1 s u g g e s t that these minera l s are not
near equi l ibr ium for the p a r t i c u l a r water chemistry. If the SI is negative, the water w i l l tend to dissolve that
p a r t i c u l a r mineral a n d m a y mob i l i z e a n y t o x i c m e t a l s a s soc ia t ed wi th t h e minera l . P o s i t i v e S i ' s s u g g e s t
that the water will tend to precipitate the mineral in que s t i on (or at l e a s t t ha t there are f a v o r a b l e c o n d i t i o n s
f or th e mineral f o r m a t i o n reaction to occur). The f o l l o w i n g m i n e r a l s are in th e M1NTEQA2 mineral
database end they have either been observed in and around C a l i f o r n i a G u l c h or are s i m i l a r to minera l s
observed in the local geology:

T a b l e 3:1: M i n e r a l s observed or p o t e n t i a l l y pre s en t in th e Cal i f orn ia G u l c h / L e a d v i l l e g e o l o g y ,
that are a l so in the M1NTEQA2 mineral react ions da taba s e .

M i n e r a l
Pyri t eS p h a l e r i t eC h a l c o p y r i t eC a l c i t eD o l o m i t eRhodochrosi teS m i t h s o n i t eH e m a t i t eG o e t h i t eF e r r i h y d r i t e
J a r o s i t e N AL a n g i t eA n h y d r i t eG y p s u m
A n g l e s i ' eQuartz
S i O 2 , ( A , G L )

C l a s s
s u l f i d es u l f i d es u l f i d ecarbonatecarbonatecarbonatecarbonateoxideo x i d e - h y d r o x i d ehydrox id eh y d r o x i d e - s u l f a t eh y d r o x i d e - s u l f a t es u l f a t es u l f a t es u l f a t ec r y s t a l l i n e s i l i c a
a m o r p h o u s s i l i c a

C h e m i c a l F o r m u l a
F e S 2ZnSC u F e S 2CaCO 3C a M g ( C 0 3 ) 2M n C O 3Z n C O 3-Fe 2 0 3- F e O ( O H )
F e ( O H ) 3 3 H 2 0
N a F e 3 f O H ) 6 ( S O , ) 2 6 H 2 OC u 4 ( O K ) 5 S C v 7 H 2 O
C a S O 4C a S C v 2 H 2 OP b S O 4SiO,
S i 0 2
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The d a t a f r o m t h i s s t u d y sugges t t ha t there are two d i f f e r e n t g e o c h e m i c a l regimes in the OU3 s t u d y area.
Evans G u l c h a n d S o u t h Evans G u l c h represent s i m i l a r c a l c i u m - b i c a r b o n a t e waters with neu tra l p H ,
a p p r o x i m a t e l y 1 m e q / L (61 mg/L) bicarbonate b u f f e r i n g c a p a c i t y , and g e n e r a l l y l ow trace e l ement
concentrat ions . T h e s e two d r a i n a g e s are a c t u a l l y connected jnd are i n d i c a t i v e of carbonate minera l-
i n f l u e n c e d chemis try. L i n c o l n G u l c h a n d S t r a y H o r s e G u l c h , o n t h e o ther h a n d , a r e l o w p H , h i g h s u l f a t e ,
and e l e v a t e d c o n t a m i n a n t concentrat ion waters i n d i c a t i v e o f p y r i t e mineral o x i d a t i o n processes
associated with mine waste rock. A s i g n i f i c a n t ob servat ion for all OU6 basins is the cons i s t ent presence
of e levated concentrat ions of Z i n c in r u n o f f s a m p l e s , which i s r e l a t e d to the observed wide d i s t r i b u t i o n of
z inc-conta ining minera l s in the overal l watershed and the h i g h s o l u b i l i t y of zinc.

R u n o f f volumes d u r i n g t h i s s t udy are d i f f erent in each d r a i n a g e basin, p r i m a r i l y r e la t ed to the a v a i l a b l e
d r a i n a g e area, local snow a c c u m u l a t i o n , and e l evat ion g r a d i e n t s ; however, a lmos t all s t a t i o n s showed a
f l o w maximum on or about J u n e 20 (Sampling Event No. 7). The h i g h e s t r u n o f f f l o w s occurred in Evans
G u l c h , up to 60-70 f t /Vs around the r u n o f f max imum, and 40-50 f fVs a s l a t e a s July 11. S o u t h Evens
G u l c h r u n o f f f l o w s were 20-30 t t 3 / s at maximum, w h i l e a c i d i c and c on tamina t ed S t r a y H o r s e G u l c h and
L i n c o l n G u l c h e xh i b i t ed r u n o f f maximums o f 3-4 f t 3 / s , an order o f m a g n i t u d e less t han the r e l a i i v e i y
clean Evans G u l c h basin. H y d r o g r a p h s o f the f l o w measurement at each basin are p l o t t e d by s a m p l i n g
event in F i g u r e s 3 t h r o u g h 5.

C a l i f o r n i a G u l c h 1995 S t r e a m f l o w
Evans G u l c h S t a t i o n s

t

© S t a t i o n Order

ngure 3
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At each s ta t i on in every bas in, there was a re sponse to the r u n o f f f l o w maximum t h a t is seen as a
reduct ion in al l measured d i s s o l v e d chemical c onc en t ra t i on s , p r o b a b l y due to f l o w d i l u t i o n . H o w e v e r , no
clear overall statistical relation between concentration and f l o w was observed. V a r i a b i l i t y even within a
s i n g l e basin makes s i m p l e corre la t ions between f l o w a n d concentrat ion d i f f i c u l t t o observe. I n lower S t r a y
H o r s e G u l c h the h i g h e s t concentrat ions of d i s s o l v e d and to ta l m e t a l s were seen z* the start of the r u n o f f
and towards the end of r u n o f f , p r o b a b l y due to f l u s h i n g of me ta l s and h i g h l y a c i d i c s o i l s in the channe l as
the f l o w began and the r e d e p o s i t i o n o f s u s p e n d e d meta l s towards the end o f the f l o w . This r e l a t i o n s h i p i s
shown in F i g u r e 6.

The contaminant metal s data can be treated as two d i s t i n c t g roup s : the suspended elements, Iron,
A l u m i n u m , and M a n g a n e s e , which are p r i m a r i l y associated with s u s p e n d e d s e d i m e n t s in the water
s a m p l e s ; and the toxic elements. Z i n c , C o p p e r , L e a d , Ars en i c , C a d m i u m , and S i l v e r . The s u s p e n d e d
e lements tended to be much h igher in concentrat ion re lat ive to the toxic e l emen t s and to have a g e n e r a l l y
lower percentage of concentration in the d i s s o l v e d f r a c t i o n . Z i n c is u s u a l l y t h o u g h t of as an e s s en t ia l
trace e l ement; however, it is a nuisance contaminant in d r i n k i n g waters above 5 m g / L (as seen in Strj.y
H o r s e and L i n c o l n G u l c h median concentrat ions), and i s p o t e n t i a l l y tox i c to aqua t i c l i f e at C o l o r a d o s tate
water q u a l i t y r egu la t i on level s of 90-100 u g / L (exceeded by Evans G u l c h median zinc c o n c e n t r a t i o n s ) .
Because zinc concentrations in OU8 waters were o f t e n observed above r e g u l a t e d c onc en t ra t i on s , zinc is
ca l l ed a tox ic e lement in thi s report

The toxic e l ement s were g e n e r a l l y much lower in c onc en tra t i on; a n d , except for L e a d , they showed h i g h e r
p r o p o r t i o n s o f concentrat ion i n t h e d i s s o l v e d f r a c t i o n . T h e c o n t a m i n a n t metal c o n c e n t r a t i o n s , p H , a n d f l o w
data f r o m S a m p l i n g Events No. 3, 7, and 10 were p l o t t e d on a series of map p a i r s u s ing the GIS d a t a b a s e
to show these r e l a t i o n s h i p s f r o m the start of the r u n o f f cyc l e , at i t s p e a k , and at the end. The s a m p l e da ta
are shown for all c o l l e c t i o n s sites in OU6 in F i g u r e s 7 t h r o u g h 12. S a m p l e da ta value s were r o u n d e d to
t h e nearest who l e number f o r d i s p l a y purpo s e s . T h e G I S d a t a maps a r e d i f f e r e n t i a t e d b y T o x i c a n d
N o n T o x i c , Total and D i s s o l v e d contaminant f r a c t i o n s . Z i n c v a l u e s were p l o t t e d a s a Non-Toxic trace
metal on these maps for d i s p l a y p u r p o s e s aS it occurs in both r o u g h l y equal p o r t i o n s in the t o t a l and
d i s s o l v e d s a m p l e s .

Silver (Ag) was no t i n c l u d e d in th e GIS p l o t s o f t h e da ta because o f i t s l ow c o n c e n t r a t i o n , a t o r b e l ow
d e t e c t i o n l i m i t s , in most s a m p l e s . Loca t i on s o f the d r a i n a g e s and mine waste and waste rock p i l e s in OU5
are shown on t h e s e m a p s in order to i n d i c a t e p o s s i b l e source l o c a t i o n s be tween s a m p l i n g s t a t i o n s on
each d r a i n a g e .



.

T h e f o l l o w i n g s e c t ions c o m p a r e each b a s i n ' s trace e l e m e n t d a t a u s i n g m e d i a n v a l u e s t o s ummariz e
changes in concentrations, MINTEQA2 analyse s d i f f e r e n t i a t e which f o rm the m e t a l s are in and a
c o m p a r i s o n i s made to water q u a l i t y s t a n d a r d s a p p l i c a b l e to the OU6 w a t e r s h e d .

T h e M I N T E Q A 2 model e s t imates t h e concentrat ions o f d i f f e r e n t metal c o m p o u n d s ( o r s p e c i e s ) , thai f o r m
i n a r u n o f f water (e.g., F e 3 ' , F e 2 O H 3 , F e S O , , ) , a n d a l so c a l c u l a t e s mineral s a t u r a t i o n i n d i c e s ( S i ' s ) f o r
minera l s that may conta in the c on taminant e l ement s of in t er e s t .

4.1 Summary of S a m p l i n g Data and MINEQA2 A n a l y s e s by Basin

Compar i s on o f mineral S i ' s a l o n g t h e f l o w p a t h i n a d r a i n a g e s ugge s t p o s s i b l e m i n e r a l s a n d sources
contribut ing metals to the water. Summary results will be presented for each of the f o u r OU6 basins
inve s t i ga t ed d u r i n g t h i s s tudy. In order to minimize c o n f u s i o n , t a b l e s and f i g u r e s are numbered a c c o r d i n g
t o th e a p p l i c a b l e p a r a g r a p h sect ion number. R e f e r t o F i g u r e s 7 t h r o u g h 12 f or GIS p l o t s o f c o n t a m i n a n t s
vs. s a m p l i n g event for each basin and station. The f o l l o w i n g data t o p i c s wi l l be described in section 4
us ing t h e f o l l o w i n g f o r m a t :

4.X Drainage basin .. .ysical summary and general comments.
4.X. 1 S n o w m e l t r u n o f f f l o w summary and maximum f l o w tabie.
4.X.2 M a j o r ions chemi s t ry summary t a b l e summary of m e d i a n m a j o r cat ion and anion

conc en tra t i on s and p e r t i n e n t comments.
4.X.3 Dissolved and total trace elements summary tab l e and comments.
4.X.4 W a t e r q u a l i t y s t a n d a r d s summary of p o t e n t i a l v i o l a t i o n s by e l ement .
4.X.5 MINTEQA2 model s p e c i a t i o n summary on m e d i a n d a t a f r o m each s t a t i o n wi th

table.
4X.6 M I N T E Q A 2 mineral s a t u r a t i o n i n d e x summary t a b l e a n d comments.
4.X.7 F l o w - w e i g h t e d T r a c e E l emen t L o a d i n g summary t a b l e and comments.
4.X.8 Trace Element s in stream bed s ed iment s summary t a b l e and comments.

C o m p a r i s o n t o W a t e r Q u a l i t y S t a n d a r d s :

I n a d d i t i o n t o t h e M I N T E Q A 2 a n a l y s e s , c o n t a m i n a n t c o n c e n t r a t i o n s a r e c o m p a r e d t o wat er q u a l i t y
s t a n d a r d s a p p l i c a b l e t o t h e O U 6 w a t e r s h e d . T h e f o l l o w i n g t a b l e l i s t s t h e p r i m a r y a n d s e condary
rrax i rnum c o n c e n t r a t i o n l i m i t s ( M C L ' s ) d e f i n e d u n d e r t h e f e d e r a l S a r e D r i n k i n g W a t e r A c t ( S D W A ) -
a m e n d e d 1986, ( W s ' J o n a l P r i m a r y D r i n k i n g W a t e r S t a n d n r d c - 4 0 C F R 141, e n d t h e N e ! ; ? n r l S e c o n d a r y

27



A l l D i s s o l v e d M e t a l s @ S H G 0 9

1000000

100000

10000

1000

•iOO

— - — v - ~ — - — — - — —

rrrrfcr

. . . — - j - — — , » -

A M 9 / LS i ( u g / LCu \\iglL), x Fe (ug/L)x Mn fog/I-)e Z n i* A s <- A c-Aq-caPb
M 9 / L
M 9 / L

S a m p l e Date



O U 6 Phose 1 - U S S R W o t e r S a m p l i n g
S p r i n g R u n o f f - 1995 r~s.
T o x i c M e t c l , Even, 3 O W o s t e Rock P i l e

Orowi • Q (flow in c f»>
Red - pH

Y y
P H 7 . 6

V s»*> LGOI o -̂--— ° '
C>

o \ \ rf '•\ & <Ls oi r ; ° o
Q?

0 SU «K»7 --0.1 pH6.8, ,- x o

OU6 Phas e 1 - U S E R W a t e r S a m p l i n g
S p r i n g R u n o f f - 1995 ps .
T o x i c M « t o l s Event 3 O W a s t e Rock P!!e

Green - Dissolved m o t a l s Cug/1)
R e d - T o t d M e t o b ( u g / l )

F S G U R H 7

A3 1C U E s ' C d o — "" P b i " ' PbS ^x\ S l t < " ° ' O0 X . _ _ = > . - — — - 'C«, """ "~-v\
\
\

' i . i " .- , /-~<, ^SP "- r--,\
- .C"! ; ' \ , /' - ' ' ' - ' " n - r ; i J I L : >
" - ! V .-/



0 0

OU6 Pho^e 1 - USBR Watt-
S p r i n g R u n o f f - 1995 f ~
T o x i c W e t c l 3 Event 3 ' L .
Greon » Q (f low In e f t )
Rod - pH

OU6 P h a s e 1 - USSR V.'~S p r i n g R u n o f f - 1995
T o x i c M s t o l s £ v c n t 3
Green - Dissolved rrwto'
R e d - T o t e i M e t a l s { u g / : :

, 0 0 / .0 0
— A -
a

~<. <?
O

/ 5
-. f-3 33-1. A3«10.I w^iS^-^^Mk o^%^uyzi Pb-wso^O-^sgazi* p^W c- •- ,•" - s** vcn *•- , > r»j 5>r̂ 3 -̂  ^ ' , . , o



\f

V-.
O U 6 P h a a e 1 - U S S R W o t e r S o m p l i n gS p r i n g R u n o f f - 1995 p^

N o n - T o n i c M e t d s Even t 3 < X ) Was{" R ° c k p i l 'Gcxn - 0«»olv«d m*lo!i (ug/l)
R e d - T o t d W e t o t o ( u g / l ) y

.-M. X «F«"Se-« F«42*«n£>®-«0-H&—— - — — —Z H 3 5 9 l "&
V

o,
0

Q

0 o

n n

O U 6 P h o s e 1 - U S S R W a t e r S o r r p S n g
S p r i n g R u n o f f - 1995 p.
S i K i l m e n l U e t o l s E v e n ' . 3 i _ )
Gr*«n • Non T o x i c matate ( m g / k g )R«) - T o x t e M«tds ( m g / k g )

F K 3 U R E S

/ A

:- .-•. t



"̂
V..,

OU6 Phase 1 - USSR W a t e r S o m p r
S p r i n g R u n o f f - 1995 ,-
N o n - T o x i c M o l d s Even t 3 (
Or»ofl * Disaotv«d motel sR e d - T o t d M o t o i a ( u g / l >

P.

6^> \ \ ,' \ io \
o £2-- r—-Q ^ Q

! 4 ° " . r , O ^ ' ;

>y 0 C'A
O ° ° ° o r-

— - t ?
OU6 P h o s s 1 - USSR W e i e r Sarr.r:
S p r i n g R u n o f f - 1995
S»dim«nt M c t o l s Evant J tGroan - Kon T o x i c r t v o t o f s ( n v j / k c
Rsd - T o x t e !r(5to!s (

•17) j.;- - ' v ^-s;;^.

x , , _ . " • • s ~ ° ; .



OU6 P h o t t t - IJSBR WOKM S-j
S p r i n g R u r w f f - 190?
T o x i c W f l t o U Event 7
C r t t n -0 (flow)
R»d - pH

/Is \

o

0

pH 8.4

V sa» sraj|
0 2^ p H B . ^

; \ --"?"="7\ v, J ) ,-. •\ %, <i\ Ox \>i f i ° o
Q?

0

Q ~\/'

^ZSx_ILc 7 0
o \r^

/ f— / — —
\ St« SCC01

N. o

OU6 Phcse 1 - U S E R W a t e r S a m p l i n g
S p r i n g R u n o f f - 1995 ,-^
T o x i c M e i o l n Event 7 O' W a 5 t e

Gr««n * Dissolved motota (ug/t)Red - T o t a l M s t d s (ug/l)

p i l e

S« f f 0 2
A3 1 A3*-Ou 27 5u ?9

*V3

- p f r

F i G U R E S

/

.X' i
f

/"? r-' ^ Xi j i ^ . L _x.; / -L-J"~X^.. i 'i ^ J ^ ' c c o ' — - ' -^-v . -^ / 1 - \
As 1C u 1 7

As 13 ,̂ A3 16*si? M 2C u l 7C d 4Pb 1 __

Cc OCPb i v j v j ' - ^ . x
' j ~~~~ ~ f^-.l^i- ^ ' -3 ' ' *O<r Cn5 Vv^CuS

i S b ! * Pb 1 r,C
N C T r i O

t-D ^



v̂.\ p H 8 . S^j^ 0 _. ——— «^̂~~— , .-•* "̂
«•«" ~\ / ' " * " ^ - N > ^ .._"-"" ~"~~"""--N.£>X -x — — — ---,*-\ fl / \X / x — 'S~ --_ .._.. ...\x"\

~̂ -} #8.8,-^
«' VS<

sum Q "5̂ X«r, , o ,-v-x.° Q o Q o ' ^ — — - — — — - ^ - - — -̂ ._rn° Q\ o o o/^rs0 ° ~"~~"V- -0 ^ >vv ° a \ *
• ' ° W i ^ ° ^j o O-VQ "̂ \ r> a, "~~-

f^P ^ "^ - P ° yt?O ^ fN ^ <?? L?*L--< "\ XVo "FJ °ct? ?-^V 0 ^r- '^>^ ^ ,0. o— -CL SL s3 C^\ *î ? C f r W ° fV Q 3-6 P H j R Q>
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D r i n k i n g W a t e r S t a n d a r d s - 4 0 C F R 143); a n d t h e t a b l e va lue s t a n d a r d s ( T V S ) i m p l e m e n t e d b y t h e S t a t e
o f C o l o r a d o , Depar tmen t o f H e a l t h , W a t e r Q u a l i t y C o n t r o l C o m m i s s i o n , f o r Evans G u l c h , U p p e r A r k a n s a s
River Basin, S t r e a m S e g m e n t 7. C o l o r a d o TVS value s were c a l c u l a t e d f r o m Evans G u l c h h a r d n e s s d a t a
us ing the lower 95% c o n f i d e n c e interval of 84 m g / L as CaC0 3 , d e t e r m i n e d f r o m a s t a t i s t i c a l a n a l y s i s of
a v a i l a b l e Evans G u l c h calcium and magnes ium data.

T a b l e 4.1: Water q u a l i t y s t a n d a r d s a p p l i c a b l e t o OU6 s a m p l e s . All va lue s in ug/L unl e s s noted. MCL =
maximum concentration level, TVS = table value s tandard , na = not a p p l i c a b l e .

A n a l y t e
A l u m i n u mArsenicC a d m i u mC o p p e rI r o n
LeadMangane s eS i l v e rZincS u f f a t eC h l o r i d epHT D S

S W D A S W D APrimary M C L S e c o n d a r y M C L
none5051,300none
15nonenonenonenonenonenonenone

50-200nonenone1,000300
none501005,000250 mg/L250 m g / L6.5-8.5500 m g / L

C o l o r a d o T V SA c u t e C h r o n i c
none503.22
15.0none
72.3none1.51101250 mg/L250 m g / L
8.5 - 9.0none

nonenone0.989
10.2
300 d i s s o l v e d1000 t o t a l3.0450 d i s s o l v e dna91.4nanananone

4.2 Evans G u l c h (EG)

This d r a i n a g e f l o w s east to west a l o n g the south s ide o f a l a t e r a l moraine that d i v i d e s Evans G u l c h f r o m
the Litt le Evans Creek dra inage . EG is the l o n g e s t c o n t i n u o u s d r a i n a g e in O U 6 , wi th EG s a m p l i n g
s tat ions covering a distance of 3.6 mi. S t a t i o n e l evat ions range f r om 11,050 ft. at EGOS, to 10,100 ft. at
E G 0 2 , p r o d u c i n g an e l eva t ion change of 290 m between top and bottom s t a t i on s . The EGOS sub-basin
co l l e c t s d r a i n a g e f r om e l evat ions a s h i g h a s 11,600 f t . w h i l e the main stem d r a i n ? g e e x t end s l a t e r a l l y we l l
beyond the WE01 s t a t i o n to e l e v a t i o n s 11,400 ft .

4.2.1 R u n o f f F l o w

E G s t a t i o n s e x h i b i t e d t h e h i g h e s t r u n o f f s tream f l o w v o l u m e s i n O U 6 , u p t o 65.5 f f V s d u r i n g p e a k
observed f l o w s on 06-19-95. EGOS showed more aqueous m e t a l s t h a n the msin stem s t a t i o n s , bu t f l e w s
were l ow (5-6 f fVs), p r o b a b l y due t o l i m i t e d d r a i n a g e sub-bas in area, local snow d e p t h , and m e l t i n g rate
d u r i n g t h s 1995 r u n o f f . No f l o w wa s observed s \ EG01 and EG02 d u r i n g t h e f i r s t 3 s a m p l i n g ev en t s , a s
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the creek was dry due to d i v e r s i o n and s t o rage of water i n t o Big Evans Reservoir by the P a r k v i l l e W a t e r D i s t r i c t .

T a b l e 4.2.1: Maximum stream f l o w s observed at Evans Guich s a m p l i n g s tat ions d u r i n g the1995 OU6 r u n o f f event
S t a t i o n Maximum F l o w , t f Y s Date Observed
WE01
EGOS
WE02
EG01
EG02

42.5
5.99
65.5
46.3*
46.6*

06-19-95
06-14-95
06-19-95
07-10-95
07-11-95* = f l o w not measured dur ing 06-19 to 06-27 f l o w maximum for s a f e t y reasons.

4.2.2 M a j o r Ions Chemis try

The p r i n c i p a l EG r u n o f f water cations were ca l c ium and magne s ium, and the p r i n c i p a l anion was
bicarbonate. The exception was station EGOS, which showed elevated s u l f a t e , calcium, and magnesium
relat ive to the other EG s ta t i on s , s u g g e s t i v e of p y r i t e o x i d a t i o n proces se s and contact wi th t a i l i n g s and
mine waste. M e d i a n s od ium, po ta s s i um, and c h l o r i d e c onc en tra t i on s were le s s than 0.1 m e q / L (Na less
than 2.3 m g / L , K less than 3.9 m g / L , Cl less than 2.5 m g / L ) at al! stations. The pH of EG water was near
neutral d u r i n g r u n o f f and conta ined a c i d - n e u t r a l i z i n g c a p a c i t y in the f o r m of b i carbonate at median
concentrations around 1.2 m e q / L (70-80 mg/L). EG showed g e n e r a l l y good water q u a l i t y ; however, it
does collect trace element-contaminated e f f l u e n t f r om the EGOS sub-basin and Linco ln Gul ch .

I n t e r e s t i n g l y , s ta t ion WE02, d i r e c t l y downstream f r o m L G 0 1 , d id not show a s t r o n g major ions or pH
response to Linco ln G u l c h i n f l o w s around the r u n o f f maximum. WE02 has elevated ions relat ive to WE01 ,
E G 0 1 , and EG02, but s t i l l Sower than EGOS, the sub-basin in EG most a f f e c t e d by m i n i n g a c t i v i t i e s . T h e s e
r e s u l t s s ugge s t that the much h i g h e r r u n o f f f l o w s observed in the main stem of Evans G u l c h exerts a
dominat ing d i l u t i o n i n f l u e n c e compared to the s m a l l e r i n f l u e n t s ide stream basins of EGOS and L G 0 1 . Al!
s ta t ions showed a d i l u t i o n response to observed h i g h r u n o f f f l o w wi th lower ions c o n c e n t r a t i o n s on or
about the 06-19-95 s a m p l i n g event.

T a b l e 4.2.2: M e d i a n m a j o r ions c o n c e n t r a t i o n s , i n m g / L , f o r Evans G u i c h s a m p l i n g s t a t i o n s :
A n a l y t e W E Q 1 E G O S WE02 E G 0 1 E G 0 2
F i e l d p HC a l c i u mM a g n e s i u mS o d i u mPota s s iumS u i f a t eC h l o r i d eBicarbonate

7.4713.15.97
0.410< 1
1 2 . S
1.34
71.1

7.45
4C.2
20.8
0.900
< 1
127
1.09
75.0

7.54
16.8
8.99
0.450< 1
21.1
< 1
74.7

7.39
15.9
7.43
0.4SO< 1
15.5
1.62
71.4

7.65
15.9
7.42
0.4S4< 1
*4 .4
1.29
68.3

4.2.3 D i s s o l v e d and T o t a l C o n t a m i n a n t s



T a b l e 4.2.3 summarizes med ian total and d i s s o l v e d contaminant c onc en t ra t i on s f r o m s a m p l e s c o l l e c t e d
d u r i n g the 1995 r u n o f f e p i s o d e . M e d i a n total and d i s s o l v e d trace e l ement c o n c e n t r a t i o n s are r e p e a t e d in
T a b l e 4.2.5 which summarizes M1NTEQA2 s p e c i a t i o n data f or m e d i a n EG s t a t i o n d a t a . T r a c e e l ement
concentrations in EG were low re la t ive to mine w a s t e - i n f l u e n c e d bas ins , and the c onc en tra t i on s a p p e a r to
have f l u c t u a t e d in a more c o m p l e x manner compared to the ma jor ions. In Evans G u l c h , al l c o n t a m i n a n t s
showed a maximum concentration peak the week b e f o r e the runoff f l o w maximum, wi th a sub s equent
concentrat ion minima and then a s u g g e s t e d increase as f l o w s s u b s i d e d .

U p p e r EG stations showed very low concentrations of iead and copper , and no median d i s s o lved
concentration of these e l ement s was seen u n t i l s t a t i on WE02. T h e r e was no d e t e c t a b l e s i l v e r in any EG
sta t i on; however, r e a d i l y measurable concentrat ions of zinc, arsenic, and cadmium were f o u n d at all
stations. All e l ement s showed a general increase in concentration as s ta t i on elevation decreases. The
a p p a r e n t l y abrupt concentrat ion increases seen in the lower EG01 and EG02 s t a t i o n s ; is p r o b a b l y due to
other sources of c on taminant s , such as several sme l t e r s i tes and the presence of s l a g in the E G 0 1 , EG02
reach of Evans G u l c h Creek.

T a b l e 4.2.3: M e d i a n t o t a l (method 3015A d i g e s t i o n ) , d i s s o l v e d , and f r e e i on (where a p p l i c a b l e )contaminant concentrat ions, i n u g / L , f o r Evans G u l c h s a m p l i n g s t a t i o n s ( N D = n o td e t e c t ed , NC = not c a l c u l a t e d , NU = not u s ed):
A n a l y l eI r o n , F e Tota lDis s o lv edA l u m i n u m , A lT o t a lDissolvedMangane s e . MnT o t a lDissolvedS i l i c o n , S i DissolvedZinc . Zn T o t a lDis so lvedC o p p e r . CuT o l a !D i s s o l v e dL e a d . Pb

T o t a l
D i s s o l v e d

A r 3 « ! f , ! C . A 3T o t a lD i s s o l v e dC a d m i u m . C dT o t a lD i s s o l v e d
S i l v e r . A g T o t a lD i s s o l v e d

WE01
33238.5
195<30
25.0
22.5
1,720
70.6
103
N D
<5
2.74<1.4
1.29<1
0.275
0.130
<O.EOO
<0500

EGOS
36.4
<20
46.3
<30
8.47
<5
2,010
289
262
3.86
<5
2.74
<1.4
3.34
1.21
0.820
0.745
<0.500
<0.500

WE02
182
24.1
165
<30
41.3
35.1
1,590
232
238
8.S5
<5
8.42
<1.4
1.44
1.12
1.27
1.23
<0.500
<0.500

EG01
503
<20
298
<30
95.8
4.67
1.570
469
301
21.9
7.53
25.1
1.70
3.03
1.C3
1.95
1.77
<0.500
<0.500

EG02
497
106
250
<30
61.5
16.2
1,630
474
252
27.9
13.4
27.6
3.44
3.25
1.25
1.361.64
O.500
<0.500
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4.2.4 W a t e r Q u a l i t y S t a n d a r d s

D e s p i t e lower contaminant metal concentrat ions , neutral p H , a n d bicarbonate b u f f e r i n g c a p a c i t y observed
i n E G , t h e f o l l o w i n g water q u a l i t y s tandard exceedences a p p l y t o c a l c u l a t e d med ian concentrat ions. I f
median concentration? for a given analyte exceed water q u a l i t y s t andard s , it is s a f e to assume that half
th e i n d i v i d u a l s a m p l e concentrat ions wi l l al so exceed s t a n d a r d s :

I r o n : M e d i a n total Fe > F e d e r a l s econdary MCL 300 pg/L a t s t a t i o n s W E 0 1 , E G 0 1 ,
EG02 ( C o l o r a d o T V S O K ) .

A l u m i n u m : M e d i a n to ta l Al > F e d e r a l s e condary MCL 200 pg/L a t a l l s t a t i o n s bu t EGOS.

Mangane s e: M e d i a n total Mn > F e d e r a l s econdary MCL 50 pg/L, at s t a t i o n s EG01 and EG02.

Zinc: M e d i a n d i s s o l v e d Zn > C o l o r a d o TVS chronic 91.4 and acute 101 ug/L at all
s tations.

C o p p e r : M e d i a n d i s s o l v e d Cu > C o l o r a d o TVS chronic 10.2 pg/L at s t a t i o n s E G 0 2 , but
le s s than acute TVS.

Lead: Median dis solved Pb > Colorado TVS chronic 3.04 pg/L at station EG02. Median
t o ta l Pb > F e d e r a l p r i m a r y MCL 15 pg/L at s t a t i o n s EG01 and EG02.

C a d m i u m : M e d i a n d i s s o l v e d Cd > C o l o r a d o chronic TVS 0.989 ug/L at s t a t i o n s EG01 and
EG02.

4.2.5 M I N T E Q A 2 S p e c i a t i o n S u m m a r y

M1NTEQA2 a n a l y s i s r e s u l t s f r o m med ian data sets f o r each EG s a m p l i n g s t a t i o n ar e summarized in T a b l e
4.2.5. U n d e r each s tat ion h e a d i n g are l i s t ed the measured total and d i s s o lved contaminant
c onc en t ra t i on s , f o l l o w e d by th e c a l c u l a t e d s o l i d p h a s e c o n c e n t r a t i o n (to ta l - d i s s o l v e d ) , and th en th e
MINTEQA2 c a l c u l a t e d sp e c i e s c oncentra t i on s . " S o l i d phase" r e f e r s t o the f r a c t i o n that i s bound to
s u s p e n d e d s e d i m e n t p a r t i c l e s in th e water co lumn.

A l l c o n c e n t r a t i o n s a r e e x p r e s s e d i n p g / L a s t h e e l e m e n t . F o r e x a m p l e , a l l iron s p e c i e s a r e e x p r e s s e d a s
p g / L a s F e , r a t h e r t h a n p g / L a s F s ( O H ) 2 * . T o t h e i m m e d i a t e r i g h t o f t h e c o n c e n t r a t i o n d a t a i s 3 summr.ry
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of percentages for each spec i e s c a l c u l a t e d based on the measured t o ta l c oncentra t ion. Where total
concentrat ions were below the d e t e c t i o n l imit (LOD), the e l ement s p e c i a t i o n c a l c u l a t i o n s were o m i t t e d and
are noted by the NC (not c a l c u l a t e d ) d e s i g n a t o r . In the case where d i s s o l v e d c onc en t ra t i on s are non
detect s , the so l id phase was c a l c u l a t e d as (to tal - LOD), and noted as "greater than" thi s d i f f e r e n c e . This
d i f f e r e n c e was used to c a l c u l a t e a "greater than" percent as s o l id phase.

MINTEQA2 re su l t s s ugge s t t h e f o l l o w i n g conc lu s i ons r e g a r d i n g th e chemi s t ry o f EG waters:

T a b l e 4.2.5: M I N T E Q A 2 ca l cu la t ed s p e c i a t i o n d i s t r i b u t i o n s f o r Evans G u l c h median concentrat ion d a t s sets.
NC = not c a l c u l a t e d ; NU = not used ( u s u a l l y because d i s s o l v e d > total).

IRON, f t TotalOiucXvedSolid PhaseFe(OH)2 *Fe{OH)3 «qFft(OH}4 •FnM Ion. Fa3+A L U M I N U M , A !T o t t l
DiltOlvOdSolid Pfu«

M A N G A N E S E , M nT o t a lDaiclvsdS o M P t i a wFn» ion. Mn2+MnSOOqS I L I C O N . S i Ciuotod
K 4 S J C KZ J N C . Z / 1 TotalDtasolvadSolid Pha»Froc ton. Zn2*ZnCO3aqZ n S C n a qCOPPER. Cu T o t a lOiwolvadSol id Pha*eC u ( O H ) 2 a < ,
CuC03aqF r e « Ion. Cu2*C u O H -LEAD. Pb T o l a !Dis»o)vodSolid PhaseP b C O S a q
Frao Jen. Pb2»P O O H *P 6 H C 0 3 *P 6 S O 4 a qA R S E N I C . A s
T o t a lDissofvedSolid Ptew
HA3O42-
H 2 A S O 4 -

C A D M 1 U M , C CT o t a lDissolved
S o l d PhaseFroe Ion. Cd2*CCC03 aqC d S O 4 ! x >

S I L V E R . A g T c ' a tDissolved
So« <f!«W

WE01
p g / L
332
38.5294
26.8
8.93
2.73
0
195<30
>165
25.0
225250
22.2
0.270
1.720
1.718
70.6
103
N C
N CN C
NC
<5
<5
NC
N C
N C
N C
N C
2.74
<1.4>1 3
N CN C
N C
N CN C
1.29<1
>0290
NC
N C
0275
0130
0 1 S O
01200
0
<05<X><05COM C

W total

88.4
8.08
2.69
0.820
0

>84.6

10.0
B8.7
1.06

N CN C
N CN C

N C
N C
N C
N C
N C

>47.4
N C
N C
N C
N C
N C

>225
N C
N C

52.7
445
1.18
0 900

EGO:
MO/L
36.4
<20
>16.4N C
N C
N C
N C
46.3<30>16.3
8.47
<5
>3.47
NC
N C
2.010
2.008
289
262
27.0
2254.18
27.5
<5
<5
N C
N C
N C
N C
N C
274
<1.4
>1.3
N C
N C
N C
N CN C
3.34
1 212 1 31.C4
0170
0520
0.745
0.0800
0.630
00100
0100
<0 5CO<C 500N C

% t o t a l

>45.1N CNCN CN C

>35.2

>41.0
N C
N C

9.34
77.9
1.45
9.52

N C
N C
N C
N C
N C

>47.4
N C
N C
N C
N C
N C

63.831.0
522

9 1 5
76.2
1 7311 8

WE02
ug/L
18224.1
15816.8
5.54
1.71
0
165
<30
>135
41.3
35.16.2034.4
0.630
1,690
1.688
232
233
0
222
4.525.95
8.95
<5>3.9S
N C
N C
N C
N C
842
<1.4
>7.02
N C
N C
N C
N C
N C
1.44
1.1203200940
0 1 S O
1.27
1.23owco
1.15
003CO
00400
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< O S C Q
N C

% t o t a l

86.89.24
3.05
0.940
0

>81.8

15.0 .
83.2
1.53

0
93.4
1.902.50

>44.1
N C
N C
N C
N C

>83.3
N CN C
N C
N C
N C

22.2656
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S O S
2.32
310

EG01t j g f l .
503<20
>483
N C
N C
N C
N C
298<30
>258
95.84.6791.1
4.59
0.0700
1.570
1,568
469
301
168
2626.02
6.02
21.97.5314.4
6.69
0.250
0.440
0.110
25.1
1.70
23.4
O.SCO
0.490
0.250
0.0300
0.0300
303
1 03195
0910
0170
1 95
1.77
0.1 £0
166
01X03
00400
<0500
<0.500
N C

V, t o t o l

>96.0
N C
N C
N C
N C

>89.9

95.1
4.79
0.0700

35.8
60.1
1.281.28

65.6
30.6
1.13
2.030.520

9323.59
1 95
0.996
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0.120
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3C.1
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EG02yoA
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391
74.0
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0
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<30>220
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16.245.3
15.9
0.230
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1.628
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262
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2465.24
4.72
27.913.4
14.5
11.9
0.460
0.790
0.200
27.6
344
24.2
1.83o.sso
0.500O.OSOO
0.060D
3.25
1.25
2.00
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0190
1.3S
1.G4
N C
N C
N C
N C
<0.500
<0500
N C

* t o t a l

78.7
14.9
4.93
1.51
0

>S8.0

73.7
25.9
0.370

44.7
51.8
1.11
0.990

52.0
42.7
1.63
2.83
0.720

87.7
6.633.59
1.810.2170.217
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N C
N C
N C
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S u s p e n d e d e l ement s ( i r o n , a l u m i n u m , and mangane s e): Iron and a l u m i n u m were p r i m a r i l y
associated with the so l id phase at al l s t a t i on s except for EGOS where lower to ta l c o n c e n t r a t i o n s
relative to o ther EG s ta t i ons mads assessment of s p e c i a t i o n dif f icul t . A l u m i n u m was a lmo s t
e n t i r e l y associated with t h e s o l i d pha s e , s u g g e s t i v e o f t h e a l u m i n o s i i i c a t e ( p r o b a b l y f e l d s p a r s a n d
clays) character of the su spended material in EG. Mangane s e , on the other hand, appeared to be
dominat ed by the fr e e ion wi th minor amounts of the s u l f a t e s p e c i e s ; however, the s o l i d p h a s e
dominates at the lower elevation stations. W i t h EG station iron, there were only minor
concentrations of f r e e ion, and h y d r o x i d e c o m p l e x e s were the d o m i n a n t d i s s o l v e d spec ie s . T h e s e
results were consistent with expected behavior for neutral pH waters containing bicarbonate.

T o x i c Elements (zinc, c opper , l e a d , arsenic, cadmium, and s i lver): MINTEQA2 resulte suggest
t h e f o l l o w i n g r e g a r d i n g toxic e lement sp e c ia t i on:

ZINC resul t s sugge s t that the f r e e ion was the ma jor s p e c i e s with an a p p a r e n t increase in
s o l i d phas e ( f r o m 9 to 45 p e r c e n t ) towards lower e l e v a t i o n EG s ta t i on s . Zn2* a p p e a r e d to
be > 200 yg/L at all s t a t i on s except WE01.

COPPER, which was below d e t e c t i o n above s ta t i on EG01 for d i s s o l v e d s a m p l e s ,
a p p e a r e d to be dominat ed by the uncharged d i - h y d r o x y c o m p l e x , with 45-65 percent
associated with the solid phase. Free ion, Cu2*, was present only in minor amounts.

LEAD: Dissolved Pb was below detect ion unti l s tat ion EG01. At the lower e l evat ion EG
s t a t i o n s , greater than 85 percent a p p e a r e d to be a s so c ia t ed wi th the s o l i d p h a s e , with the
carbonate complex as the primary di s so lved species. The f r e e ion, Pb2*, was estimated
to be below the measurement d e t e c t i o n l i m i t at both EG01 and EG02.

ARSENIC v/as pre sent in most EG waters as the ar s ena t e anion and a p p e a r e d to f a v o r
th e so l id p h a s e (up t o 65 p e r c e n t ) . The p r i m a r y s o l u t i o n s p e c i e s , c o n s i s t e n t wi th t h e
neu t ra l pH of EG waters, was the mono-hydrogen HAsO,, 2 " s p e c i e s .

CADMIUM s p e c i e s were d o m i n a t e d by the f r e e ion, w i t h g e n e r a l l y low s o l i d p h a s e
a s s o c ia t i on ( e x c e p t f o r W E 0 1 ) , a n d minor amount s o f carbonat e a n d s u l f a t e spe c i e s . T h e
d o m i n a n c e o f t h e f r e e Cd2* i on i s s i g n i f i c a n t w i t h r e spec t t o a q u a t i c t o x i c i t y .



4.2.6 M I N T E Q M i n e r a l S a t u r a t i o n I n d i c e s

Saturat ion indices (Si's) suggest that EG waters were g e n e r a l l y undersaturated with respect to carbonate
and s u l f a t e minerals, oversaturated with respect to oxides and ox id e-hydrox ide s , undersaturated with
respect to h y d r o x i d e - s u l f a t e s and s u l f a t e s , and p r o b a b l y near e q u i l i b r i u m wi th c r y s t a l l i n e s i l i c a m i n e r a l s ,
but under sa tura t ed for amorphous s i l ica. The lower e l eva t i on s t a t i o n s a p p e a r e d to be near e q u i l i b r i u m
with quartz. T h e s e r e su l t s are consistent with the overa l l neutral pH and C a - M g - b i c a r b o n a t e c h emi s t ry of
EG waters.

T a b l e 4.2.6
M i n e r a l
C a l c i t eD o l o m i t eRhodochrosi leSmilhsoni t eH e m a t i t eGoethi teF e r r i h y d r i t eJ a r o s i t e MALangi i eA n h y d r i t eG y p s u mA n g i e s i t eQuartz
S i 0 2 , ( A , G L )

M i n e r a l S a t u r a t i o n I n d i c e s , l o g ( A P / K T )
WE01
-2.07-4.53
-3.08
-3.05
+15.9
+5.48
+1.91
-5.57
N C
-3.11
-2.68
N C
+0.147
-0.942

EGOS
-1.68
-3.65
N C
-2.72
N C
NC
N C
N C
N C
-1.81
-1.39N C
+0.182-0.898

WE02
-1.98
-4.28
-2.90
-2.70
+15.4
+5.27
+1.71
-5.78
N C
-2.83
-2.39
N C
+0.143
-0.947

EG01
-1.99
-4.29
-3.75
-2.55
N C
N C
N C
N C
-10.8
-2.94
-2.53
-4.72
+0.056
-1.02

EG02
-1.9S
-4.25
-3.19
-2.59
+17.1
+6.10
+2.35
-3.65
-9.62-2.96
-2.57
-4.45
+0.046
-1.02

4.2.7 Flow-we igh t ed Contaminant Metal L o a d i n g

G e n e r a l l y , EG med ian f l o w - w e i g h t e d metal l o a d i n g d u r i n g the 1995 runof f ranks second lowes t b eh ind
SEG. D e s p i t e th e e l evated aqueous concentrat ions in m i n e - i n f l u e n c e d sub-basin EGOS s a m p l e s , t h i s
s ta t ion showed the overall lowest f l o w - w e i g h t e d contaminant metal l o a d i n g in EG. H i g h e s t l o a d i n g was
seen at s tat ion EG02, the lowest e levation station. Even t h o u g h thi s l o a d i n g for the 1995 snowmeit r u n o f f
was r e la t iv e ly low compared to SHG and LG l o a d i n g s , EG p r o b a b l y showed greater l o a d i n g t hroughou t
the year due to h i g h e r o f f - s e a s o n f l o w s . W i t h i n each EG s t a t i o n , m e d i a n l o a d i n g g e n e r a l l y reached a
maximum value for most trace e l e m e n t s the week b e f o r e maximum observed runof f f l o w .

s 4.2.7: M e d i a n f l o w - w e i g h t e d t o ta l c o n t a m i n a n t l o a d i n g , k g / w k , in waters f r o m Evans G u l c hs a m p l i n g s t a t i on s :
A n a l y t e WE01 EG03 WE02 EG01 EG02
I r o n . F eA l u m i n u m , A lM a n g a n e s e , M nZ i n c , Z n
C o p p e r , CuL e a d , P D
Arsenic. AsC a d m i u m . Cd
3 : i v 2 f . A g

54.0
70.7
4.80
39.5
N D
1 . C S
0.642
0.174
0.021

0.351
0.810
0.114
5.5S
0.119
0.091
0.048
0.015
O . C C 4

141
74.4
17.6
148
8.19
4.59
O.S68
0.263
0.124

<,24
103
20.8
229
5.40
5.72
0.715
0.62S
0.032

12S
105
26.2
140
C.71
10.8
1.68
0.53(5
0.1 CM



4.2.8 S e d i m e n t Contaminant s

S t r e a m bed s e d i m e n t s represent a sink for s u s p e n d e d s o l i d s and many contaminant m e t a l s associated
with the s o l id phase . M e d i a n stream bed s ed iment contaminant metal concentrat ions in EG rank second
lowest among the f o u r basins in OU6, and all EG median trace e l e m e n t s exc ep t Fe and Al were gr ea t e r
than 1.5 times median SEG s ed iment concentrations. H i g h e s t s e d imen t concen tra t i on s were at E G 0 2 ,
a l t h o u g h the higher elevation and mine- inf luenced EGOS station showed concentrations a p p r o a c h i n g
EG02. Most sediment median element concentrations showed an increase with lower elevation,
consis tent wi th exposure to greater watershed area r u n o f f and s e t t l i n g of s u s p e n d e d s o l i d s in the b e d l o a d .

T a b l e 4.2.8: M e d i a n contaminant concentrations in stream bed s e d i m e n t s , m g / k g , ( m e t h o d 3051
d i g e s t i o n ) f o r Evans G u l c h s a m p l i n g s ta t i on s:

A n a l y t e WE01 EGOS WE02 E G 0 1

* 3051 d ig e s t i on not recommended for Ag

EG02
I r o n , F oA l u m i n u m , A lM a n g a n e s e , MnZinc, ZnCopper , CuL e a d , PbArsenic, AsC a d m i u m , CdS i l v e r , Ag *

6,220
1540281
1638.56
80.8
4.030.655
0.135

11,300
1,6802,240
2,430
46.3
1,080-76.313.3
3.26

8,260
1,550
1,320
1,080
67.5458
25.36.802.09

16,200
3,610
2,020
1,680
58.8
65532.1
7.79
3.79

26,100
3,930
1,120
6,540
?.12
1,070
93.0
4.56
0.610

4.3 S o u t h Evans G u i c h (SEG)

T h i s drainage is the highest in in i t i a l elevation, and contains the best water qua l i ty of any of the s a m p l e d
drainage basins in OU6. SEG station elevations range f r om 11,340 to 10,950 f t . , and co l l e c t s r u n o f f f r om
e l eva t i on s up t o 11,525 f t . The r u n o f f course e x t e n d s 6,200 f t . f r o m S E G 0 1 t c S E G 0 5 , and 8,400 f t . f r o m
S E G 0 5 t o t h e b a s i n ' s u p p e r reaches.

4.3.1 R u n o f f F l o w

Maximum r u n o f f stream f l o w in SEG was observed at 26.6 f ^ / s on 6-20-95. Progre s s ive ly h i g h e r f l o w
rates were observed f r o m top to bot tom of d r a i n a g e , r a n g i n g f r o m 17.0 to 26.6 f fYs. Behveen S E G 0 2 and
S E G 0 3 t h e Y a k T u n n e l crosses b enea th t h i s reach o f s tream.



T a b l e 4.3.1: M a x i m u m stream f l o w s observed a t S o u t h Evans G u l c h s a m p l i n g s t a t i o n s d u r i n g
the 1995 OU6 runoff event

S t a t i o n Maximum F l o w , f f / s Date Observed
S E G 0 1S E G 0 2S E G 0 3
S E G 0 4S E G 0 5

17.0
21.122.4.
25.5
26.6

06-2 D-95
06-20-9506-20-95
06-20-95
06-20-95

• 4.3.2 M a j o r I o n s C h e m i s t r y

The pH of SEG drainage was near neutral and median major ion concentrations were s imi lar to EG
' stations. Thes e waters were dominated by calcium, magnesium, and bicarbonate ions, indicative of a

carbonate mineral origin for this chemistry. There was a trend towards higher s u l f a t e concentrations in
lower e l evat ion s ta t ions , i n d i c a t i n g contact wit:i some p y r i t e o x i d a t i o n f r o m mine waste rock in the lower
basin reaches. The h i g h e r e l evat ion s ta t i on s S E G 0 1 and S E G 0 2 d id no t show a s i g n i f i c a n t d i l u t i o n
re sponse to runof f; however, the lower s t a t i o n s d id a p p e a r to r e spond to h i g h e r f l o w .

T a b l e 4.3.2: M e d i a n ma jor ions concentrat ions , i n m g / L , f o r S o u t h Evans G u l c h s a m p l i n g s t a t i o n s :
j Analyte____________SEG01 SEG02 S E G 0 3 SEG04 SEG05I F i e l d p HCalciumM a g n e s i u mSodiumP o t a s s i u mS u l f a t eC h l o r i d eBicarbonate

7.5714.9
7.99
0.370<1
3.49
<182.5

7.28
14.8
7.98
0.390
<1
3.14
<1
82.3

7.84
15.5
7.78
0.428<1
B.50
< 1
79.8

7.43
17,8
9.00
0.465< 1
15.3< 1
79.S

7.61
17.0
8.45
0.467
<1
15.1< 1
80.8

4.3.3 Di s s o lv ed and T o t a l C o n t a m i n a n t s

T a b l e 4.3.3 summarizes median total and d i s s o lved contaminant concentrations from s a m p l e s c o l l e c t ed
d u r i n g the 1995 r u n o f f ep i s ode . M e d i a n to ta l and d i s s o lved contaminant concentrations arc repeated in
T a b l e 4.3.5 which summarizes M I N T E Q A 2 s p e c i a t i o n data f o r m e c ' i a n S E G s ta t ion data. S E G w a s very
s i m i l a r t o E G , a n d i s p h y s i c a l l y part o f t h e same overa l l d r a i n a g e . I n g e n e r a l , c o n t a m i n a n t c o n c e n t r a t i o n s
were the lowe s t in SEG.
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The a v a i l a b l e data s ugge s t that S E G 0 2 was the "cleanest" s t a t i o n and that runof f f r o m mined areas i s
i n f l u e n c i n g S E G 0 3 and S E G 0 4 . C o n t a m i n a n t metal c onc en tra t i on s seem to f o l l o w an u p - d o w n - u p - u p -
down pattern, s ugge s t ing that the r u n o f f interaction with the SEG watershed is c ompl ex , with g e n e r a l l y
greater m i n i n g a c t iv i ty i n f l u e n c e at lower e l evat ions . T h e r e was no d e t e c t a b l e zinc unti l s t a t i on S E G 0 3 ,
and c o p p e r and cadmium were not observed u n t i l s t a t i on S E G 0 4 . M e d i a n s i l v e r was a l so be low d e t e c t i o n
in all SEG stations.

T a b l e 4.3.3: M e d i a n total (method 3015A d i g e s t i o n ) , d i s s o l v e d , and f r e e ion (where a p p l i c a b l e )
contaminant concentrations, in ug/L, for S o u t h Evans G u l c h s a m p l i n g s tations
(ND = not d e t e c t ed , NC = not c a l c u l a t e d , NU = not u s e d ) :

Analyle S E S 0 1 S E G 0 2 S E G 0 3 S E G 0 4 S E G 0 5
Iron. F e TotalDissolvedAluminum. AlT o t a lDissolvedI Manganese, MnTotalDissolvedS U t a x i . S I DissolvedZinc, Zn TotalDisservedCopper. Cu T t t a lDissolvedLe*d. Pb T o t a lDissolvedArsenic. As T o t a lDissolvedCadmium. CdT o t a lDissolvedSilver. Ag TotalDissolved

17119.6
242
<SO
5.69
<5
1.420
<5
N U
<5
<5
<1.4
<1.4
1.741.29
<0.1
<0.1
<0.500
<0.500

105
19.9
150
<30
<5
<5
1.490
<S
MU
<S
<5
<1.4
<1.4
2.301.29
«0.1<0.1
0.500
<0.500

244
21.9
258
<30
13.7
8.31
1.570
22.3
25.2
<5
<5
6.22<1.4
2.23
1.33
0.135<0.1
<0.500
<0.500

344
21.4
348
30.7
47.1
34.9
1.690
418
362
14.0
9.50
27.7
<1.4
3.021.56
3.11
2.43
<0.500
<0.5CO

201
16.5
192
<30
44.1
22.8
1.550
4K
338
13.5
8.25
11.0<1.4
1.911.4S
3.18
2.20
<0.500
<0.500

4.3.4 Water Q u a l i t y S t a n d a r d s

SEG contained the c l e a n e s t waters s a m p l e d f r o m OU6 in t h i s s t u d y , and e x h i b i t e d f e w e r exceedences o f
v / a t e r q u a l i t y s t a n d a r d s compared t o E G . I f m e d i a n c o n c e n t r a t i o n s f o r a g iven a n a l y t e exceed water
q u a l i t y s t a n d a r d s , i t i s s a f e t o assume t h a t ha l f t ha i n d i v i d u a l s a m p l e c o n c e n t r a t i o n s w i l l a l s o exceed
s tandards:

iron: M e d i a n l o t a ! F e > F e d e r a l s e c o n d a r y M C L 3 0 0 u g / L a t s t a t i o n S E G 0 4 ( C o l o r a d o
T V S O K ) .
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A l u m i n u m : M e d i a n to tal A l > F e d e r a l s e condary M C L 2 0 0 p p / L a t a l l s t a t i o n s b u t S E G 0 2 a n d
S E G 0 5

Z i n c : M e d i a i : d i s s o l v e d Zn > C o l o r a d o TVS 91.4 and 101 ;-g/L at s t a t i on s S E G 0 4 and
S E G 0 5 .

Lead: • M e d i a n total Pb > F e d e r a l p r i m a r y MCL 15 yg/L at s t a t i on S E G 0 4 .

Cadmium: M e d i a n d i s s o lved Cd > C o l o r a d o TVS chronic 0.989 ug/L at s t a t i o n s S E G 0 4 and
SEG05

4.3.5 M I N T E Q S p e c i a t i o n S u m m a r y

R e f e r to section 4.2 above for a general e x p l a n a t i o n of the MINTEQA2 s p e c i a t i o n da ta for SEG seen in
T a b l e 4.3.5. SEG chemistry and spe c ia t i on was s i m i l a r to EG, with the e x c e p t i o n that SEG e x h i b i t s lower
total concentrations f or a l l e l e m e n t s , e s p e c i a l l y in th e h i g h e r e l eva t ion S E G 0 1 - S E G 0 3 s ta t ions .
MINTEQA2 results suggest the f o l l o w i n g observations r egard ing the chemistry of median SEG data:

S u s p e n d e d e l ement s ( i r o n , a l u m i n u m , a n d manganese): S E G M I N T E Q A 2 r e s u l t s a r e s i m i l a r t o
observed EG s u s p e n d e d e l e m e n t s chemistry.

IRON showed a cons i s t ent a s s o c ia t i on with the s o l i d p h a s e wi th ail s t a t i on s grea t er than
80 percent. L i k e EG, f r e e ion was very low and the mono-hydroxy s p e c i e s was the
primary aqueous specie.

ALUMINUM was a l s o p r i m a r i l y a s s o c ia t ed wi th the s o l i d p h a s e a t a l l s t a t i o n s w i th be low
or near de t ec t ion l i m i t median concentrations for all s tat ions.
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MANGANESE was not detec ted unti l S E G 0 3 , and showed so l id phase perc entage s
rang ing f r o m 25-50 percent in the lower three s ta t i on s . The f r e e ion a p p e a r e d to have
been the primary s o lu t i on f o r m with minor amount s o f the s u l f a t e c o m p l e x .

T o x i c Element s (zinc, c o p p e r , l e a d , arsenic, cadmium, a n d s i l v e r): M I N T E Q A 2 re su l t s s u g g e s t
the f o l l o w i n g r egarding toxic element s p e c ia t i on in SEG:

ZINC was not de t ec t ed u n t i l S E G 0 3 . Like EG s t a t i o n s , MINTEQA2 r e s u l t s s ugge s t that
the free ion was the major species with an a p p a r e n t increase in s o l i d phas e towards lower
elevation SEG stations. ZnJ* appeared to be > 300 pg/L at S E G 0 4 and S E G 0 5 , 3
s i g n i f i c a n t l y higher concentration compared to the lower EG s tat ions .

COPPER, which was below detect ion above station S E G 0 3 for total and dis solved
s a m p l e s , appear ed to be dominated by the uncharged d i - h y d r o x y c o m p l e x , with 30-40
percent associated with the s o l i d phase. F r e e ion, Cu2*, was present o n l y in miner
amounts.

LEAD: T o t a l Pb was not observed at S E G 0 1 and S E G 0 2 , and d i s s o l v e d Pb was be low
detection at all SEG stations. The strong i m p l i c a t i o n is that SEG lead was p r i m a r i l y
associated with the solid phase.

ARSENIC was present in SEG waters p r i m a r i l y as the mono-hydrogen arsenate sp e c i e s ,
HAsCV", s imilar to EG median output. The sol id pha s e ranges f rom 25 to 50 percent of
t o t a l concentrat ion.

CADMIUM spe c i e s were d o m i n a t e d by the f r e e ion, w i th g e n e r a l l y low s o l i d p h a s e
a s so c ia t ion (20-30 p e r c e n t ) and minor amount s o f carbonat e and s u l f a t e s p e c i e s .
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T a b l e 4.3.5: MINTEQA2 calculated spec iat ion d i s t r i bu t i on s f o r S o u t h Evans G u l c h median concentration data. NC
= not c a l c u l a t e d ; NU = not used ( u s u a l l y because d i s s o l v e d > t o t a l ) .

S E G 0 2 S E G 0 5
I R O N , F > TotalDissolvedSolid PhaseFe(OH)2 *

F e ( O H ) 3 a qF e ( O H ) 4 -FrM ton. Fe3»A L U M I N U M , A lTotal
DissolvedSolid PhaseM A N G A N E S E . M nToolDissolvedSolid PhaseFree kxi. Mn2»MnSO4aqS I U C O N . S i DbioNMH 4 S K MZ I N C . Z n TotalDissolvedSoSd Phase
Free loo. Zn2*Z n C O S a qZ n S C W e qCOPPER. Cu Totalr>s»o<vsdS o l k J P h u aCu<OH)2i*3CuCO3«qFree Ion. Cu2*C u O H -

LEAD.Pb T o t a lDissolvedSOU Phase
A R S E N I C , A s TotalOissofvedSoSd Phase

H A S O 4 2 -H 2 A s O 4 -CADMIUU. CaTotalDissolvedSokd PhaseFree Ion. Cd2*
C d C O S a q
C d S O 4 a q

S I L V E R , A f l
T o l a !DnsoJvadStf id Phase

MSA
17119.6
15113.7
4.55
1.390
242
«30>212
5.69<5HCN CNC
1,420
1.418
<5N UN CN CN CN C
<5<5NCN CN CUCN C
«1.4<1.4N C
1.741.290.4501.08
0.210
0.1
<0.1
N CN C
NCN C
<0.5
<05
N C

% t o t a l p g / L
10519.9

66.5 85.17.99 13.9
2.G6 4.620.810 1.41
0 0

150
<30>87.6 >120
<5<5N C
N C
NC
1.490
1.4S9
<5
N U
N CN CN CN C
<5<5NCN CN CN CN C
<1.4
<1.4
N C
2.30
1.2925.9 1.01

62.3 1.0811.9 0.210
<0.1
•tO.1
N C
N CN CN C
0.500<0.5
N C

f, t o t a l vsn.
244
21.9

81.1 22213.2 15.3
4.40 5.06
1.35 1.550 0

258<30>80.0 >228
137
8.315.398.24
0.0700
1.570
1.568
22.325.20
23.90.500
0
<5<5
N C
N C
N C
NC
N C
6.22
<1.4
X.82
2.28
1.3343.9 0.950

47.2 1.128.92 0.210
0.14
<0.1>0.04
N CN C
N C
<0.5
<0.5
N C

% t o t a l

91.0
6.262.070.64
0

>88.4

39.3
60.2
0.490

094.9
2.00
0

>77.5

41.749.1
9.28

>25.9
N C
NC
N C

WL
344
21.4
323
14.9
4.94
1.520
348
30.7>317
47.134.9
12,234.3
0.490
1.690
1.688
418
362
56.03407.24
6.52
14.0
9.50
4.50
8.45
0.310
0.560
0.140
27.7
<1.4>26.3
3.021.661.45
1.32
0.240
3.11
2.43
0.6802.290.0600
0.0600
<0.5<0.5
N C

% to ta l

93.84.341.44
0.440
0

>31.2

25.9
72.9
1.04

13.481.4
1.73
1.56

32.1
60.3
2.24
4.00
1.02

>95.0

48.343.6
8.06

21.9
73.61.95
1.88

Wl
201
16.5
184
11.5
3.81
1.17
0
192<30
>162
44.1
22.821.3
22.4
0.300
1.550
1.548
424
33886.0
318
6.766.08
13.5
8.25
5.257.34
0.270
0.490
0.120
11.0<14
>9.60
1.911.460.450
1.230.230
3.182.200.9802.07o.oeoo
0.0500
<0.5<0.5
N C

% l o l a l

91.8
5.731.90
0.580
0

>84.4

48.3
50.90.670

20.374.9
1.59
1.43

38.9
54.4
2.02
3.61
0.920

>87.3

23.664.412.0

30.8265.17
1.73
1.59

4.3.6 M I N T E Q M i n e r a l S a t u r a t i o n I n d i c e s

S i ' s f o r med ian S E G waters were g e n e r a l l y u n d e r s a t u r a t e d wi th r e sp e c t i o carbonate a n d s i m p l e s u l f a t e
m i n e r a l s . Iron oxide s and o x i d e - h y d r o x i d e s , were c l e a r l y ovar sa tura t ed . J a r o s i t e was u n d e r s a t u r a t e d at
S E G 0 1 and S E G 0 2 , bu t wa s ov er sa tura t sd be low t h e s e s t a t i o n s which i n d i c a t e s t h a t some p y r i t e
o x i d a t i o n i s occurring in SEG mine waste p i l e s . SEG median water was u n d e r s a t u r a t e d for c r i s i o b a l i t e
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a n d amorphous s i l i ca . Except f o r quartz, S E G waters d o n o t a p p e a r t o b e i n e q u i l i b r i u m (near-0 S i ' s ) wi th
any of the table minerals. T h e s e results are consistent with the overall neutral pH and Ca-Mg-bicarbonate
chemis try of SEG waters.

T a b l e 4.3.6
M i n e r a l S a t u r a t i o n I n d i c e s , l o g ( A P / K T )M i n e r a l

CalciteDolomiteRhodochros i t eS m i t h s o n i t eF e r r i h y d r i t eH e m a t i t eGoe th i t eJ a r o s r t e MALangrteA n h y d r i t eGypsum
A n g l e s i t eQuartzSi02, (A, GL)

S E G 0 1
-2.02
-4.39
N C
N C
+1.62
+15.1
+5.11
-7.64
N C
-3.65
-3.19
N C
+0.098
-1.00

S E G 0 2
-2.02
-4.36
N C
N C
+1.63
+15.2
+5.16
-7.77
NC-3.69
-3.24
N C
+0.097
-0.996

S E G 0 3
-2.00
-4.34
-3.51
-3.66
+1.67
+15.4
+5.23
+6.90
N C
-3.35
-2.91
N C
+0.107
-0.982

S E G 0 4
-1.95
-4.22
-2.89
-2.51
+1.66
+15.4
+5.26
+5.10
-10.6
-2.93
-2.50
N C
+0.125
-0.960

S E G 0 5
-1.97
-4.29
-3.08
-2.55
+1.54
+15.1
+5.10
-6.54
-11.0
-2.96
-2.52
N C
+0.105
-0.986

4.3.7 F l o w - w e i g h t e d Metal L o a d i n g

SEG median f l o w - w e i g h t e d metal l o a d i n g d u r i n g the 1995 snowmelt r u n o f f was the lowest in OU6, due to
lower aqueous contaminant metal concentrat ions and f l o w r e l a t i v e to EG. The T a b l e 4.3.7 data s u g g e s t
that the l oad ing increases s i g n i f i c a n t l y at SEG03 where mine- in f lu enced r u n o f f f rom Breece Hill increases
the l o a d i n g . The u p p e r two SEG s ta t i on s were c l e a r l y d i f f e r en t l o a d i n g sources compared t o downstream
SEG s ta t ions and a p p e a r to be the lowest observed in OU6 d u r i n g t h i s s t u d y . As seen with EG l o a d i n g ,
median metal l o a d i n g g e n e r a l l y reaches a maximum value for most c on taminant s the week b e f o r e
maximum observed r u n o f f f l o w f o r each SEG s ta t ion.

T a b l e 4.3.7: M e d i a n f l o w - w e i g h t e d to ta l c on taminant l o a d i n g , k g / w k , i n waters f r o m S o u t h Evans
G u l c h s a m p l i n g s tat ions (ND = element not detected in s a m p l e ) :

A n a l y t e S E G 0 1 S E G 0 2 S E G 0 3 S E G 0 4 S E G 0 5
I r o n , F eA l u m i n u m , A l
M a n g a n e s e . M nZinc. ZnC o p p e r , C uL e a d , P bArsenic, AsC a d m i u m , CdS i V a . - . A s

13.523.5
0.284
N D
N D
N D
0.146
<O.G".GOMn

18.S
27.0
N D
N D
N D
N D0.131
<O.C103
N ' D

S0.3
50.2
3.79
S.55
N D
1.340.354
0.047
*s;D

78.5
90.3
5.95
52.1
1 . S S
3.750.443
0.3G1
N D

40.1
51.0
3.83
88.4
3.08
1.33
0.250
0.558N D
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4.3.8 Sediment Trace Elements

SEG median stream bed s ed iment concentrations were the lowest in OU6. As seen with the metal l o a d i n g
data, there were clear sediment concentration increases with d e c r e a s i n g e l evat ion s ta t i on s , and the toxic
metals showed a abrupt concentration j u m p (around 3-10 times greater compared to S E G 0 3 ) b e g i n n i n g at
SEG04. T h e s e r e su l t s are consis tent with known increas ing quant i t i e s of mine waste rock sources and
r u n o f f below S E G 0 3 .

T a b l e 4.3.8: M e d i a n contaminant concentrations in stream bed s e d i m e n t s , m g / k g , ( m e t h o d 3051
d i g e s t i o n ) f o r S o u t h Evans G u l c h s a m p l i n g s tat ions:

A n a l y t e S E G 0 1 S E G 0 2 S E G 0 3 S E G 0 4 S E G 0 5
I r o n , F eA l u m i n u m , A!Manganese , MnZ i n c , ZnC o p p e r , CuL e a d , PbArsenic , AsCadmium, CdS ' l v e r , A g

8,0502,530
27642.8
4.41
41.2
9.22
0.300
<0.05

8,680
2,750
484
162
7.45
228
18.6
0.875
1.18

8,200
2,590
142
207
5.07
147
10.9
1.45
0.300

8,550
1,535
597
876
52.1
848
50.3
S.80
2.77

12,455
3,730
941
1,960
74.4
725
27.2
9.57
1.17

* 3051 d i g e s t i o n not recommended for Ag

4.4 Lincoln G u l c h (LG)

L i n c o l n G u l c h , a d r a i n a g e p a t h 6,600 f t . in l e n g t h , c on ta in s c on taminat ed d r a i n a g e f r o m several mine
waste rock p i l e areas and i n c l u d e s r u n o f f o r i g i n a t i n g f r o m e l evat ions as h i g h as 11,675 ft . T h i s change
produces an elevation gradient of 130 m/km, one of the s teepest in OU6. L i n c o l n G u l c h was s a m p l e d at
only one l o ca t i on, s ta t ion LG01, above i t s c o n f l u e n c e with Evans G u l c h .

4.4.1 S t r e a m F l o w S u m m a r y

L i n c o l n G u t c h e x h i b i t s r e l a t i v e l y l ow f l o w s f or a vary short p e r i o d o f t ime d u r i n g the r u n o f f . By the 6-27-95
s a m p l i n g event , f l o w was below 0.1 f l rVs. T h e s e d a t a s u g g e s t tha t LG i s no t a l a r g e r u n o f f v o l u m e source
d u r i n g snowmel t . S t o r m events, however, m a y p l a y a role i n c o n t a m i n a t i o n l o a d i n g i n t o Evans G u l c h .

T a b i s 4.4.1: M a x i m u m s t r eam f l o w s observed d u r i n g t h e 1 9 9 5 O U 6 r u n o f f event
S t a t i o n M a x i m u m Flow, i f Is Date Observed
LG01 3.41 06-14-95
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4.4.2 M a j o r I o n s C h e m i s t r y

Only three s a m p l e s were c o l l e c t ed around the r u n o f f maximum f l o w ; however, i t i s c lear f r o m the a v a i l a b l e
data that LG is a very ac id i c water dominated by s u i f a t e ion. pH never was h i g h e r than 5. 1 , and there was
no d e t e c t ab l e bicarbonate. This is sugge s t ive of p y r i t e o x i d a t i o n p r o d u c t s and is c on s i s t en t with the
known source mine waste rock areas in t h i s basin. Elevated trace e l ement d a t a c o n f i r m what would be
expected f r om water with such a low pH and lack of b u f f e r i n g . LG major ions do not, however, show a
clear d i l u t i o n response to f l o w .

T a b l e 4.4.2: M e d i a n major ions concentrat ions , i n m g / L , f o r L i n c o l n G u l c h s a m p l i n g s t a t i on:

A n a l y t e L G 0 1
F i s k ! p HCalciumM a g n e s i u mS o d i u mP o t a s s i u mS u i f a t eC h l o r i d eBicarbonate

3.28
49.2
39.4
0.720
1.54
562
2.14

4.4.3 Dis so lved and T o t a l Trace E l e m e n t s

R e f e r to F i g u r e s 7 t h r o u g h 14 for p l o t s o f trace e l ement s vs . s a m p l i n g da t e for s t a t i o n LG01. T a b l e 4.4.3
summarizes median to ta l and d i s s o l v e d trace e l ement concen tra t i on s f rom s a m p l e s c o l l e c t e d d u r i n g the
1995 r u n o f f ep i s od e . M e d i a n total and d i s s o l v e d trace e l e m e n t concentra t ions are r ep ea t ed in T a b l e 4.4.5
which summarizes M I N T E Q A 2 s p e c i a t i o n data f o r median L G 0 1 s t a t i o n data.

T a b l e 4.4.3: M e d i a n t o t a l ( m e t h o d 3015A d i g e s t i o n ) , d i s s o l v e d , a n d f r e e i o n (where a p p l i c a b l e
c on taminant c onc en t ra t i on s , i n p g / L , f o r L i n c o l n ' G u l c h .

A n a i y t a
iron, F e T o t a lD i s s o l v e dA l u m i n u m , A !T o t a lD i s s o l v e d
W a r s g a n e s e . f t l n

T o t s !D i s s o l v e dS i l i c o n , S i D i s s o l v e d

L G 0 1
185,000
80,300
30,900
10,000
1 7 . S O O
14,100
4.720



Z i n c , Zn T o t a lDi s s o lv edCopper , CuT o t a lDissolvedL e a d , Pb T o t a lDissolvedArsenic , AsT o t a lDisso lvedC a d m i u m , CdT o t a lDissolvedS i l v e r , A g T o t a lDissolved

59,400
53,700
11,3008,440
3,910381
164
9.81
351298
30.2
0.750

4.4.4 Water Quality S t a n d a r d s

Lincoln G u l c h (as well as Stray Horse G u l c h ) sample s have regulated anaiyte concentrations s i g n i f i c a n t l y
higher than both F e d e r a l and Colorado state s tandards . The f o l l o w i n g observations a p p l y :

P H : Median pH < 6.5 F e d e r a l secondary MCL and C o l o r a d o TVS 6.5.

S u l f a t e : M e d i a n s u l f a t e > 250 F e d e r a l secondary MCL and C o l o r a d o TVS.

I r o n : M e d i a n to ta l and d i s s o lved Fe » F e d e r a l s e condary MCL 300 pg/L, and
C o l o r a d o TVS chronic 1000 pg/L total TVS. M e d i a n d i s s o l v e d Fe » C o l o r a d o
TVS chronic d i s s o l v e d and f e d e r a l s e condary MCL 300 pg/L s t a n d a r d s .

A l u m i n u m : M e d i a n d i s s o l v e d A l » F e d e r a l s e c ondary M C L 2 0 0 p g / L .

M a n g a n e s e : M e d i a n total and d i s s o l v e d Mn » F e d e r a l s e c o n d a r y MCL 50 pg/L. M e d i a n
d i s s o l v e d Mn » C o l o r a d o TVS chronic 50 pg/L d i s s o l v e d s t a n d a r d .

Zinc: M e d i a n d i s s o l v e d Zn and f r e e ion » C o l o r a d o TVS chronic 91.4 and acute 101
pg/L. M e d i a n d i s s o l v e d and f r e e i on Zn » F e d e r a l s e condary i v l C L 5000 ug/L.

C o p p a r : M e d i a n d i s s o l v e d and f r e e ion Cu > Co iorado TVS chronic 10.2 and scute 15
pg/L. M e d i a n d i s s o l v e d and f r e e i on Cu > f e d e r a l crimsry fv;CL 1300 enc! F e e l e r s
secondary MCL 1000 pg/L.
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Lead: M e d i a n d i s s o l v e d and f r e e ion Pb > C o l o r a d o TVS chronic 3.04 and acute 72.3
p g / L s t a n d a r d s . M e d i a n d i s s o l v e d a n d f r e e i o n P b > F e d e r a l p r i m a r y M C L 1 5
p g / L

Median total As > F e d e r a l primary MCL 50 p g / L , and Colorado TVS acute 50Arsenic:

Cadmium: M e d i a n d i s s o l v e d and f r e e ion Cd > C o l o r a d o TVS chronic 0.989 and acute 3.22
p g / L . M e d i a n d i s s o l v e d a n d f r e e i o n C d > F e d e r a l pr imary M C L 5 p g / L .

4.4.5 MINTEQA2 S p e c i a t i o n Summary

R e f e r to Sec t i on 3.1 .5 above for a general e x p l a n a t i o n of the MINTEQA2 s p e c i a t i o n da ta for LG seen in
T a b l e 4.4.5. LG chemistry and sp e c ia t i on was f u n d a m e n t a l l y d i f f e r e n t f r o m the c h e m i s t r y as sociated wi th
EG and S E G . LG (and SHG) showed c l ear i n d i c a t i o n s that p y r i t e mineral o x i d a t i o n f r om r u n o f f contact
with exposed t a i l i n g s has produc ed s u l f u r i c acid (ev id enc ed by e l evat ed s u l f a t e c o n c e n t r a t i o n s ) , lowered
r u n o f f pH, and mobilized s i g n i f i c a n t concentrations o f toxic metals. MINTEQA2 results suggest the
f o l l o w i n g observations regarding the chemistry of median LG data:

S u s p e n d e d e l ement s ( i ron , a l u m i n u m , and mangane s e): LG MINTEQA2 r e s u l t s showed a c l ear
d e p a r t u r e f r om the spec i e s d i s t r i b u t i o n s associated with c o m p a r a t i v e l y normal montane runo f f ch emi s t ry
seen in EG and S E G . Because of the low pH and h i g h s u i f a t e c onc en tra t i on s in LG runoff, most trace
e lement spec ie s f a v o r s u l f a t e c o m p l e x e s over h y d r o x i d e s o r carbonates. MINTEQA2 r e s u l t s s u g g e s t t h e
f o l l o w i n g :

IRON spec ie s were a l l ox idized f e r r i c f o rms . D e s p i t e t h e l ow pH o f LG, th e s c l i d p h a s e s t i i i
accounts for more than 50 percent of t o ta l concentrat ion. The pr imary aqueous f o r m was the
s u l f a t e , FeSO/, pre s en t a t concentra t ions > 30 m g / L . T h e r e are al so s i g n i f i c a n t c o n c e n t r a t i o n s o f
h y d r o x i d e sp e c i e s that range f r o m 1,000 to 20,000 p g / L . The f r e e i on, w h i l e a minor p e r c e n t a g e ,
was e s t imated to be >2,000 p g / L .

ALUMINUM was s i m i l a r to iron s h o w i n g >60% s o t i d p h a s e , f r e e ion > 4,000 pg/L, w i t h s u l f a t e
c o m p l s x e s c o n s t i t u t i n g t h e r e m a i n i n g aqueous s p e c i e s .
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MANGANESE re su l t s s ugge s t a much lower p e r c e n t a g e as s o l i d pha s e (around 20%) compared
to Fe and Al. The free ion was the primary solution specie with minor amounts of the s u l f a t e
c o m p l e x ( s t i l l > 2,500 u g / L , however).

T a b l e 4.4.5: M I N T E Q A 2 ca l cu la t ed s p e c i a t i o n d i s t r i b u t i o n s f o r L i n c o l n G u l c h m e d i a n L G 0 1 c onc en tra t i on
data. NC = not calculated; NU = not used ( u s u a l l y because di s so lved > to ta l).

I R O N , F e TotalDaxXvedSolid PhiMF e ( O H ) 2 »F e O H 2 »F e 2 ( O H ) 2 4»F e S O * *F e < S O 4 ) 2 -Free kxl. F«3*A L U M I N U M . A JT o t a lDaidvadSolid Pha»Fr«e Ion. AJ3+A I S 0 4 *
A K S 0 4 J 2 -U A N G A N E S E , M nT o U lDawrtvedSolid PhaMFr«« too. Mn2+MnSO4«S I L I C O N , S i DissolvedH 4 S I O 4Z I N C . Z n TotalOitsoJvedSolid Ptiaio
Fr«« Ion. Zn2*Z n S O 4 a qZn(SO<!2 2-C O P P E R . C U T o t a l
DtuolrodSoM PhaseFrsa ton. Cu2+CuSO*eo

LEAD. PB T o t a lDissotvad
Sol id PhaseFree too. Pb2^P o S O J a qPt<SO4)2 2- 4.57

A R S E N I C , A 3
Tout
D U M V i r f
S o M P h d M
H2ASCM -
H 3 A S O 4

C A D M I U U . C d T o r a lC i s i o f / o dSdsc* Phas9Fn» ton. CtJ2+C d S O l sq
C « ( S 0 4 ) 2 2- 5 36

S i L V E R , AS
T o t s !
Dissolved
S c M PhasoFree Ion. £3+A;C! soAgSO-1 -

185.00060.3001M.70016.800
16.000
1370
36.40030502410
30.900
10.00020.900
4.930
4.160890
17.COO
14.100
3.500
11.3002.810
4.720
4.720
59.400
53.700
5.70039.50013.600591
11.300
8.440
2.660
6.470
1.970
3.910
381
3.530195
181
0-12
164
9.81154
917
0630
351
233530
2O«
SS t
1.53
202
0.7SD
295
0.650
00705
00300

56.69.07
8.64
0.74019.7
1.65
1.30

67.6
16.0
13.5
2.88

19.964.1
15.9

9.60
66.522.90.990

25.357.317.4

90.3
4.98
464

94.0
5 5 9
0.380

1 5 1
530
:52

9 7 5
2 !5

.0230o too
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T o x i c Element s (z inc , c o p p e r , l e a d , arsenic, cadmium, a n d s i l v e r ) : M I N T E Q A 2 r e s u l t s s u p p o r t what i s
g e n e r a l l y unders tood r e g a r d i n g e l evated trace e l ement s in mine ta i l ing r u n o f f .

ZINC was s i g n i f i c a n t l y e levated in LG, and the f r e e ion w~s the m a j o r s p e c i e s at >60 percent of
total and >30 mg/L. The s o l i d pha s e o n l y accounts for a p p r o x i m a t e l y 10 percent of t o t a l , and
there were s i g n i f i c a n t c oncentra t ions of both Z n - s u l f a t e c o m p l e x e s .

COPPER in LG showed a major d e p a r t u r e f r o m the spec i e s d i s t r i b u t i o n s seen in EG and SEG,
where f r e e ion represented <5 percent of t o ta l concentrat ion. In LG, c o p p e r was p r i m a r i l y in the
fre e ion form (>6,000 ug/L) with around 25 percent st i l l in the s o l i d phase. The o n l y o ther
s i g n i f i c a n t f o rm was the neutral s u l f a t e , pre s ent at >1,500 ug/L

LEAD: D e s p i t e s i g n i f i c a n t l y lower pH in LG, up to 90 percent of Total Pb r emaps a s so c ia t ed with
the solid phase. The remaining species were about evenly split between the fr e e ion and the
neutral s u l f a t e c o m p l e x .

ARSENIC was l i k e Pb with respect to the p r o p o r t i o n associated with the s o l i d pha s e , >90 percent.
Because of the much lower pH and consequent increase in H+, the pr imary aqueous f o r m was the
d i-hydrogen arsenate, pre s en t at a p p r o x i m a t e l y 10 t ime s the t r i - h y d r o g e n f o r m c onc en t ra t i on s .

CADMIUM spec i e s were d o m i n a t e d by the f r e e ion at >50 percent of t o t a l ; however, h i g h l y
e l evat ed s u l f a t e f a v o r s a s i g n i f i c a n t p r o p o r t i o n (around 25 p e r c e n t ) of t o t a l c o n c e n t r a t i o n as the
neutral s u l f a t e c o m p l e x . Sol id phas e Cd accounts for oniy around 15 percent o f t o t a l .

SILVER was a lmos t c o m p l e t e l y associated with the s o l i d p h a s e with o n l y minor amounts of tree
monovalent Ag*.

4 . 4 . S R / I I N T E Q M i n e r a l S a t u r a t i o n I n d i c e s

L G S i ' s s ugge s t that a c i d i c L G m e d i a n water were h i g h i y u n d e r s a t u r a t e d wi th re spect t o carbonate
minerals. LG median water was oversaturated with respect to iron ox id e s , h y d r o x i d e s , o x i d e - h y d r o x i d e s ,
a n d j a r o s i t e , p r o b a b l y because o f e l evat ed d i s s o l v e d F e . L a n g i t e a n d t h e o t h e r s i m p l e s u l f a t e s were
g e n e r a l l y u n d e r s a t u r a t e d d e s p i t e e l e v a t e d s u l f a t e i n L G water. L G m e d i a n water w a s o v e r s a t u r a t e o ' f o r
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c r y s t a l l i n e s i l ica minerals, but probab ly near equ i l i br ium for cr i s t oba l i t o , and undersaturated for amorphous
si l ica.

T a b l e 4.2.6
M i n e r a l S a t u r a t i o n I n d i c e s , l o g ( A P / K T )
M i n e r a l
Calc t t eDolomi t eRhodochros i t eS m r t h s o n i t eH e m a t i t eGoethiteF e m ' h y d r i t eJaros t e NAL a n g i t eA n h y d r i t eG y p s u mA n g l e s i t eQuartzS i 0 2 , { A , G L )

L G 0 1
-10.1
-20.2
-8.86
-8.89+13.6
+4.32+0.430
+6.43
-18.1
-1.31-0.994
-0.933+0.472
-0.584

4.4.7 F l o w - w e i g h t e d Wteta! L o a d i n g

LG showed the h i g h e s t median OU6 l o a d i n g for all toxic trace e l e m e n t s , with value s r a n g i n g f r o m 2.3-
times (Cd) to 40-times (Pb) median l o a d i n g in SHG. W h i l e l o a d i n g was h i g h in LG relative to EG and SEG
s ta t ions , thi s dra inage does not f l o w for a l o n g time p e r i o d , a f a c t o r that may m i t i g a t e the h i g h e s t observed
OU6 l o a d i n g . M e d i a n l o a d i n g for all trace e l e m e n t s was at maximum the week b e f o r e maximum observed
r u n o f f f l o w .

T a b ! e 4.4.7: M e d i a n f l ow-we ight ed total contaminant l o a d i n g , k g / w k , (method 3051 d i g e s t i o n ) in
waters f r o m L i n c o l n G u l c h :

A n a l y t e
I r o n . F e
A l u m i n u m , A lM a n g a n e s e , M nZinc, ZnC o p p e r , C uL e a d , PbA r s e n i c . AsC a d m i u m , C dS i l v e r . Ag

L G 0 1
4,150
693
395
1,332
253
87.7
3.6S
7.88
0.5/3
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V-I.

4.4.8 S e d i m e n t Trace E l e m e n t s

M e d i a n LG bed s ed iment concentra t ions , w h i l e h i g h r e la t iv e to EG and SEG, were g e n e r a l l y lower than
median SHG concentrations. LG s e d i m e n t s contain f r o m 0.2-times (Cu and Zn) up t o 0.75-times (Fe)
median SHG concentrations. T h e s e lower median s ed imen t concentrat ions may be r e la t ed to the shorter
period of f l o w during r u n o f f experienced by LG relative to SHG.

T a b l e 4.4.8: M e d i a n con taminant concentrat ions in stream bed s e d i m e n t s , m g / k g , for L i n c o l n
G u l c h s a m p l i n g s tat ions:

A n a l y t e
Iron, FeA l u m i n u m , A tM a n g a n e s e , MnZinc, ZnC o p p e r , CuLead, Pb
Arsenic, AsC a d m i u m , CdS i l v e r , Ag*

LG01
39,700
3,930
2,190
1,110
435
2,150
73.0
4.13
12.5

* 3051 d i g e s t i o n not recommended for Ag

4 . 5 S T R A Y H O R S E G U L C H ( S H G )

S t r a y H o r s e G u l c h runs a p p r o x i m a t e l y p a r a l l e l t o Evans G u l c h a l o n g t h e s o u t n s i d e o f O U S . S H G
represent s an i m p o r t a n t contaminant source for C a l i f o r n i a G u l c h . The entire d r a i n a g e course i s 12,304 f t .
in l e n g t h f rom A d e l a i d e Park to SHG10 in Starr Ditch, located in L e a d v i i l e . Elevat ion at the source of
SHG i s 11,175 f t . and 10,500 f t . in L e a d v i l l e r e s u l t i n g in a t o t a l e l e v a t i o n change o f 600 f t . The l a t e r a l
di s tance f r o m S H G 0 7 t o S H G 1 0 i s 9,300 f t . S H G i s a n i n t e r m i t t e n t stream, o n l y f l o w i n g d u r i n g s p r i n g
snowmelt r u n o f f and t h u n d e r s t o r m events.

4.5.1 S t r e a m F l o w S u m m a r y

W h i l e l ow pH and very h i g h trace e l emen t c o n c e n t r a t i o n s were common in SHG, runo f f f l o w s were more
than an order of m a g n i t u d e less than those observed in Evar.s G u l c h . F l o w measurements c o n f i r m e d
tha t there is a s i g n i f i c a n t l o s s of s u r f a c e now to the s u b s u r f a c e . As can be seen on h y d r o g r a p h s of SHG
f l o w d a t a , f i g . 4 , t h e m a j o r i t y o f t h e l o s s occurs i n t h e reach f r o m S H G 0 7 t o S H G 0 8 . I t s h o u l d b e noted
t h a t f l o w measurement s a t SHG10 may no t b e accurate e n o u g h t o make s i g n i f i c a n t j u d g e m e n t s r e l a t i v e t o
the SHG f l u m e s , because of s ad imeni and rock b l o ckage s at the d i s c h a r g e p i p e a t SHG10.
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T a b l e 4.5.1: M a x i m u m stream f l o w s observed a t S t r a y H o r s e G u l c h s a m p l i n g s t a t i o n s d u r i n g th e
1995 OU6 r u n o f f event

Stat ion Maximum F l o w , f t * / s Date Observed
S H G 0 7S H G 0 8S H G 0 9S H G 1 0

3.763.653.55
3.61

06-19-95
06-19-95
06-19-95
06-19-95

4.5.2 M a j o r I o n s Chemi s t ry

Like L i n c o l n G u l c h , the ma jor i on chemistry o f SHG was d o m i n a t e d by a c i d i c , s u l f a t e rich water i n d i c a t i v e
of pyr i t e o x ida t i on . The e x c e p t i o n i s the u p p e r m o s t s t a t i o n , SHG07, which has near-neutral pH and a
smal l amount of bicarbonate ion (the 241 m g / L va lue for the 6-07-95 s a m p l e ;s t h o u g h t to be a
transcr ip t i on error). However, even SHG07 showed elevated s u l f a t e , and a p p e a r e d to be near the
neutral iz ing capacity in this part of the SHG drainage. The downstream s tat ions showed progre s s iv e ly
lower pH, s i g n i f i c a n t l y higher s u l f a t s , and elevated calcium and magnesium. 3 H G 0 9 showed the h ighe s t
median i on concentrat ions wi th magnes ium a p p a r e n t l y greater than calcium. The s l i gh t ly lower
concentrations seen in SHG10 compared t o SHG09, were p r o b a b l y due t o d i l u t i o n with c l e a n e r d r a i n a g e .
The low pH and lack of bicarbonate seen in the lower SHG s ta t i on s s u g g e s t s that trace e l e m e n t s wi l l be
mobi l i z ed as more toxic specie s . Like most s ta t i on s in O U 6 , al l SHG m a j o r ions showed a d i l u t i o n
response to the maximum observed r u n o f f f l o w s on 6-19-95.

T a b l e 4.5.2: M e d i a n major ions concentrations, in m g / L , for Stray H o r s e G u l c h s a m p l i n g
stations:

A n a l y t e S H G 0 7 S H G 0 3 S H G 0 9 S H G 1 0
F i e l d p HC a l c i u mM a g n e s i u mS o d i u mP o t a s s i u mS u l f a t aC h l o r i d eBicarbonate

6.51
19.57.79
1.60
1.54
103
1.35
5.82

3.64
30.9
16.1
1.62
1.40
284
< 1
< 1

3
76.1
85.6
2.55
<1
730
2.16
< 1

2.99
52.6
42.2
2.12
< 1
722
1.27
< 1

4.5.3 Dissolved and T o t a l Trace Element s

R e f e r t o F i g u r e s 7 t h r o u g h 1 2 f o r p l o t s o f trace e l e m e n t s v s . s a m p l i n g d a t e f o r each S H G s t a t i o n . T a b l e
4.5.3 summarize s m e d i a n t o t a l a n d d i s s o l v e d trace e l e m e n t c o n c e n t r a t i o n s f r o m s a m p l e s c o l l e c t e d d u r i n g
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the 1995 r u n o f f ep i s ode . M e d i a n total and d i s s o l v e d trace e l ement c onc en tra t i on s are r ep ea t ed in T a b l e
4.4.5 which summarizes M I N T E Q A 2 s p e c i a t i o n da ta f o r med ian S H G s ta t i on data .

T a b l o 4.5.3: M e d i a n total (method 3015 d i g e s t i o n ) , d i s s o l v e d , and f r e e ion (where a p p l i c a b l e )
contaminant concentrations, i n u g / L , f o r Stray H o r s e G u l c h s a m p l i n g s ta t ions:

A n a l y t e
I r o n , F e T o t a lDis so lvedA l u m i n u m , AlT o t a lDissolvedM a n g a n e s e , MnT o t a lDissolvedS i l i c a , S i DissolvedZinc, Zn T o t a lDis so lvedC o p p e r , CuTotalDissolvedLead, Pb T o t a lDis so lvedArsenic, AsT o t a lDissolvedC a d m i u m , CdT o t a lDissolvedS i l v e r , A g T o t a l

Dissolved

S H G 0 7
135130
553329
345
409
6,920
1,2901,360
98.8
94.2
19.5
8.22
3.16
1.27
13.1
13.5
<0.500
<0.500

S H G 0 8
41,400
21,700
5,830
3,650
6,340
5,240
7,490
18,700
16,100
595
470
401
119
22.2
4.93
158
127
5.00
<0.500

S H G 0 9
175,400
131,000
42,300
30,800
54,600
43,000
13,100
160,000
127,000
3,070
2,280
859
371
45.0
16.4
1,220
1,040
15.1
<0.500

S H G 1 0
236,000
49,100
41,400
16,700
49,900
,18,300
10,800
146,000
61,300
3,000
1,150
4,700
329
169
8.14
1,120
467
28.4
<0.500

W h i l e SHG chemistry was s imilar to LG, there were d i f f e r e n c e s in trace element concentrations worth
comment. SHG07 was u p s t r e a m of the m a j o r i t y of the SHG t a i l i n g s , so the trace e l e m e n t and genera l
chemi s t ry conc en tra t i on s for t h i s s t a t i o n share more in common wi th the downs tream EG and SEG
s t a t i o n s than wi th L G o r d o w n s t r e a m S H G s t a t i o n s .

Once S H G 0 8 was reached, however, the trace e lements and general chemis try beg in to r e f l e c t increased
in t e ra c t i on with S H G t a i l i n g s wi th s i g n i f i c a n t p H l o w e r i n g a n d increases i n F e , A l . I v l n . C u , P b , A s , a n d C d .
B y S K G 0 9 , several e l e m e n t s show a n o t h e r s i g n i f i c a n t !evel o f increase f r o m S H G 0 8 . M e d i a n S H G 0 9 P b
a n d A s d o u b l e , a n d C u , Z n , C d , M n , A l . a n d F e a p p r o a c h o r d e r o f m a g n i t u d e increase s c ompared t o
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S H G 0 8 concentrations. Except f o r P b , A s , a n d A g , median S H G 0 9 conc en tra t i on s were a l so much h i g h e r
compared to LG01.

By SHG10, the lowest e l eva t i on s ta t ion in thi s bas in, median total c oncen tra t i on s compared to SHG09
have increased f o r F e , P b , A s , a n d A g , whi l e a c t u a l l y d e c l i n i n g f o r A l , M n , Z n , a n d C d . Di s s o lv ed
concentrations show an even more dramat i c d e c l i n e for many elements . T h e s e changes are s u g g e s t i v e
that to ta l s u s p e n d e d e lements were increas ing and that m i x i n g o f SHG runof f wi th S t a r r D i t c h water
conta ining r u n o f f f rom Li t t l e Stray H o r s e G u l c h and other p o i n t s north o f L e a d v i l l e , wa s p e r h a p s a l t e r i n g
the chemistry at SHG10 to favor p r e c i p i t a t i o n and a d s o r p t i o n .

4.5.4 W a t e r Q u a l i t y S t a n d a r d s

Like L i n c o l n G u l c h , a l l s ta t ions i n Stray H o r s e G u l c h except S H G 0 7 have r e g u l a t e d a n a l y t e concentra t ions
s i g n i f i c a n t l y h igher than both F e d e r a l a n d C o l o r a d o s tate s t a n d a r d s . T h e f o l l o w i n g ob s ervat ions a p p l y :

p H : Median pH < 6.5 Federa l secondary MCL and C o l o r a d o TVS 6.5 at all s ta t i ons
but SHG07.

S u l f a t e : Median s u l f a t e > 250 F e d e r a l secondary MCL and Colorado TVS at all s tat ions
but S H G 0 7 .

Iron: Median total and di s so lved Fe » f e d e r a l secondary MCL 300 pg/L, C o l o r a d o
TVS chronic 1000 pg/L total s tandard at all s tat ions but S H G 0 7 . M e d i a n
dissolved Fe » Co lorado TVS chronic d i s s o lved and F e d e r a l secondary MCL
300 pg/L at all s ta t i ons but 3 H G 0 7 .

A l u m i n u m : M e d i a n d i s s o l v e d Ai » F e d e r a l s e condary MCL 200 pg/L a t a l l s t a t i on s .

M a n g a n e s e : M e d i a n to la! and d i s s o l v e d Mn » F e d e r a l s e c o n d a r y MCL 50 pg/L a t a i l s t a t i o n s .
M e d i a n d i s s o l v e d M n » C o l o r a d o T V S chronic 5 0 p g / L d i s s o l v e d s t a n d a r d a t a l l
s t a t i o n s .



Zinc: M e d i a n d i s s o l v ed Zn and f r e e ion » C o l o r a d o TVS chronic 91.4 and acute 101
pg/L standards at all stations. M e d i a n d i s s o lved and free ion Zn » F e d e r a l
secondary MCL 5000 pg/L at all s tations but SHG07.

C o p p e r : M e d i a n d i s s o l v e d and f r e e ion Cu > C o l o r a d o TVS chronic 10.2 and acute 15
pg/L s t a n d a r d s a t a l l s ta t ions . M e d i a n d i s s o l v e d Cu > F e d e r a l p r i m a r y MCL 1300
a n d F e d e r a l secondary M C L 1 0 0 0 p g / L a t s ta t i ons S H G 0 9 a n d S H G 1 0 .

Lead: M e d i a n dis solved and free ion Pb > Colorado TVS chronic 3.04 yg/L at all
stations. M e d i a n dissolved Pb > Colorado TVS acute 72.3 pg/L at all s tations but
SHG07. M e d i a n d i s s o l v e d Pb > PMCL 15 pg/L a t a l l s t a t i o n s bu t SHG07.
M e d i a n free ion Pb > PMCL 15 pg/L at al l s t a t i on s but S H G 0 7 .

Arsenic: M e d i a n total As > F e d e r a l pr imary MCL 50 pg/L, and C o l o r a d o TVS acute 50 pg/L
a t S H G I O .

Cadmium: M e d i a n di s solved and free ion Cd > C o l o r a d o TVS chronic 0.989 and acute 3.22
pg/L at all s ta t ion i. M e d i a n d i s s o l v e d and free ion Cd > F e d e r a l pr imary MCL 5
pg/L a t a l l s t a t i o n s .

4 . 5 . 5 M I N T E Q A 2 S p e c i a t i o n Summary

SHG chemistry was s i m i l a r to LG in that both sub-basins experience mine waste- and t a i l i n g s - i n f l u a n c e d
r u n o f f p r o d u c i n g low pH, and elevated s u l f a t e and trace elements. Because more sites were s a m p l e d ;
howsver, the d e s c r i p t i o n o f SHG s p s c i a t i o n ch emi s t ry i s more c o r r m l i c a t e d . R e f e r t o s ec t ion 3.1 .5 abovb
f o r a general e x p l a n a t i o n o f t h e M 1 N T E Q A 2 s p e c i a t i o n d a t a f o r S H G seen i n T a b l e 4.5.5. I V H N T E Q A 2
r e s u l t s s u g g e s t t h e f o l l o w i n g o b s e rva t i on s r e g a r d i n g t h e i m p l i e d c h e m i s t r y o f m e d i a n S H G d a t a :

S u s p a r s d e d d e m e n t s ( i r o n , a l u m i n u m , arid m a n g a n e s e ) : S H G I W N T E Q A 2 r e s u l t s were most s i r n i i c r t o
L G f o r s ta t ions S H G 0 9 a n d S H G 1 0 , whi l e S H G 0 7 snowed s p e c i a t i o n r e s u l t s very d i f f e r e n t f r o m
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downstream SHG s tat ions. SHG07 was the s ta t ion least a f f e c t e d by mine waste rock and t a i l i n g s
oxidation e f f e c t s i n S H G .

IRON: W h i l e total concentrations show a clear increase with lower elevation, SHG07 showed
s i g n i f i c a n t l y less sol id phase (3-4 p er c en t) and s i g n i f i c a n t l y more h y d r o x i d e species percentages
(around 40 percent compared to <20 percent Fe(OH)2*) compared to the downs tream SHG
stations. SHG10 also showed a clear concentrat ion reduc t ion r e la t iv e to u p s t r e a m s t a t i o n s in
d i s s o lv ed Fe and Al, p r o b a b l y related to a d s o r p t i o n and p r e c i p i t a t i o n processes at t h i s s t a t i on -
another po s s i b l e mechanism besides m i x i n g that may be active at SHG10.

ALUMINUM showed a fairly cons i s t ent p r o p o r t i o n a l spl i t between s o l i d pha s e , f r e e ion, and the
mcno-sul fa t e c omp l e x across a l l SHG s ta t i on s , t h i s d e s p i t e a trend towards increas ing t o t a l Al
with lower e l evat ion. As with Fe, SHG10 Al showed a d o u b l i n g o f s o l i d pha s e p e r c e n t a g e
compared to SHG09.

MANGANESE: Like LG, Mn showed lower solid phase percentages compared to Fe and Mn;
however, by SHG10, solid phase Mn accounts for greater than 60 percent of total Mn. Free ion
was the primary aqueous form for all but SHG10, where ongoing physiochemical processes
appear to be f o r c i n g reactions toward the solid phase for all su spended elements.

T o x i c El ement s ( z i n c , c opper , l e a d , arsenic, cadmium, and s i l v e r ) : D e s p i t e downs tream increases in
most toxic trace e l ement s , so l id phase p e r c en tage s rise with a g e n e r a l l y a b r u p t j u m p in s o l i d phase
percentage seen in SHG10. As wi th LG species , the lower pH f a v o r s i n c r e a s i n g f r e e ion c o n c e n t r a t i o n s
for cationic e l e m e n t s ; yet increases in s u s p e n d e d e l e m e n t s a l so f o r c e s a great er percentage of t h e s e
e l ement s towards t h e s o l i d phase . E l eva t ed s u l f a t e c o n c e n t r a t i o n s i n S H G a l s o f a v o r f o r m a t i o n o f s u l f a t e
complexe s a s t h e minor f o r m s f o r t h e ca t ioni c e l ement s . V I N T E Q A 2 r e s u l t s s u g g e s t t h e f o l l o w i n g
r e g a r d i n g tox i c e l e m e n t s p e c i a t i c n i n S H G :
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T a b l e 4.5.5: M I N T E Q A 2 ca l cu la t ed s p e c i a t i o n d i s t r i b u t i o n s f o r S t r a y H o r s e G u l c h median concentrat ion da ta .
NC = not c a l c u l a t e d ; NU = not used ( u s u a l l y because d i s s o l v e d > t o t a l ) .

I R O N . F e
T o t a lC M J d v WS o W P h u *Ft(OH\2 *F e O H 2 »F e 2 ( O H ) 2 4*
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ZWC was p r e s e n t a t SHG07 p r i m a r i l y c s f r e e ion, however, a s t o t a l Zn c o n c e n t r a t i o n s c l e a r l y
increase wi th lower e l e v a t i o n , the p r o p o r t i o n o f s o i i d p h a s e Zn show an o p p o s i t e and s t e a d y
increase , w i t h a d o u b l i n g a t S H G 1 0 .

C C P F c / ? ' . v a s h a l f ! h e m a x i m u m L G c o n c e n t r a t i o n a ' . - . r . x i m ' j m s .



LEAD: W h i l e total Pb continues to increase towards SHG10, d i s s o l v e d Pb does not a p p e a r to
increase, and p e r h a p s even d e c l i n e s . The so l id phas e p e r c e n t a g e increases as d i s s o l v e d Pb
decreases. Free ion changes from a p p r o x i m a t e l y 30 percent at SHG07 to a p p r o x i m a t e l y
5 percent at SHG10, with a maximum median free ion concentration >200 ug/L observed at
S H G 0 9 .

ARSENIC total concentrations were comparabl e to LG01 at SHG10. The lower downstream pH
also favors the d i h y d r o g e n arsenate f o r m ; however, there was once again a s i g n i f i c a n t increase in
so l id phase As at SHG10.

CADMIUM iree ion was at maximum concentration and p e r c e n t a g e at SHG09. D e s p i t e the
known p r e f e r e n c e for Cd to f o r m the f r e e i on, s igni f i cant ly h i g h e r s u s p e n d e d e l e m e n t s a p p e a r to
be the fac tor that reduces the median free ion concentration at SHG10 to a p p r o x i m a t e l y o n e - h a l f
of SHG09 levels. The uncharged c u l f a t e complex was also at maximum in SHG09, reaching
>20 percent for a concentration of >250 ug/L.

SILVER was p r i m a r i l y bound to the s o l id pha s e in all SHG s ta t i on s .

4.5.6 M I N T E Q A 2 M i n e r a l S a t u r a t i o n I n d i c e s

S i ' s sugge s t that a c id i c S H G median waters were h i g h l y u n d e r s a t u r a t e d with respect t o carbonate
minera l s , oversaturated with respect to iron ox ide s and o x i d e - h y d r o x i d e s because of e l eva t ed d i s s o l v e d
Fe. J a r o s i t e and F e r r i h y d r i t e were under sa tura t ed a t SHG07, bu t oversaturated in downs t r eam SHG
stations. L a n g i t e and the s i m p l e s u l f a t e s were undersaturated at SHG07, but show a clear trend
a p p r o a c h i n g near-0 equi l i br ium SI values in downstream stations, p r o b a b l y due to elevated s u l f a t e in
r u n o f f . SHG median waters were oversaturated for c ry s ta l l in e s i l ica mineral s , bu t undersaturated for
amorphous silica. T h e s e resul t s are consi s tent with the overall acidic pH and s u l f a t e - d o m i n a t e d chemistry
o f S H G waters.



T a b l e 4.5.6
M i n e r a l
Calc i t eDolomi t eRhodochros i t eS m i t h s o n i t eH e m a t i t eGoethr t eF e m ' h y d r i t eJ a r o s i t e NAL a n g i t eA n h y d r i t eG y p s u mA n g t e s i t eQuartzSi02, ( A . G L )

M i n e r a l S a t u r a t i o n I n d i c e s , l o g ( A P / K T )
3 H G 0 7
-10.3
-21.1-10.2-10.3+8.33+1.71
-1.97
-2.11
-26.1
-2.14
-7.74
-2.87
+0.705
-0.371

S H G 0 8
-10.2
-20.7
-9.20-9.32
+12.7+3.87
+0.085
+4.99
-23.1
-1.67
-1.29
-1.53
+0.964
-0.368

S H G 0 9
-9.95
-19.7
-8.39-8.52
+14.0
+4.55
+0.676
+7.48
-20.4
-1.21
-0.85S
-1.02
+0.902
-0.150

S H G 1 0
-10.1
-20.3
-8.77
-8.88
+13.0
+4.01
-1-0.268
+6.12
-22.0
-1.27
-0.882
-0.964
+O.S71
-0.196

4.5.7 F l o w - w e i g h t e d Contaminant M e t a l L o a d i n g

Median f low-weighted contaminant l oad ing in SHG was lower compared to LG, but considerably h igher
compared to EG ar.d SEG l o a d i n g . M e d i a n contaminant l o a d i n g for SHG07 was s i g n i f i c a n t l y lower
compared to a l l other downstream SHG s tat ions; and l o a d i n g c l e a r l y increases towards lower e l e v a t i o n
stations, reaching a maximum for all elements at SHG 10. Desp i t e having lower r u n o f f l o a d i n g compared
t o L G , t h e l o n g e r continuous f l o w period f o r S H G p r o b a b l y poses a greater water q u a l i t y p r o b l e m f o r
downstream receiving waters. Like all basins in OU6, median l o a d i n g g e n e r a l l y reaches a maximum
value for most trace e lements the week b e f o r e maximum observed r u n o f f f l o w at each SHG s tat ion.

T a b l e 4.5.7: M e d i a n f l o w - w e i g h t e d total c on taminant l o a d i n g , k g / w k , in waters f r o m S t r a y H o r s e
G u l c h s a m p l i n g s tat ions:

A n a l y t e S H G 0 7 S H G O S S H G 0 9 S H G 1 0
I r o n , F eA l u m i n u m , A lM a n g a n e s e , MnZ i n c , Z nC o p p e r , CuL e a d , PbArsenic , AsCadmium, CdS i l v e r , A g

1.393.69
1.847.84
0.8S2
0.174
0.033
0.100
N D

1,060
108
1 S O569
14.3
11.1
0.563
4. 66
0.054

1,180
284
328950
18.1
20.2
0.678
7.42
0.154

2,20
419
737
1,820
31.1
43.6
1.10
12.E0.237



4.5.8 S e d i m e n t T r a c e El ement s

Greater cont inuous f l o w in ShG may h e l p e x p l a i n why median s ed iment co, i c e n t r a t i o n s were h i g h e r than
LG for almost a l! trace e l e m e n t s , r a n g i n g f r om 1.3-times (Fe) up t o 6.2-times (Cu) greater than LG
concentrations. As seen with the aqueous concentration da ta , SHG07 showed s i g n i f i c a n t l y lower
sediment concentrations ( e s p e c i a l l y for Pb, As, and Ag) for most e l e m e n t s compared to lower e l e v a t i o n
S H G stations.

T a b l e 4.5.8: M e d i a n contaminant concentrations in stream bed s e d i m e n t s , m g / k g , (method 3051
d i g e s t i o n ) f o r S t r a y Hor s e G u l c h s a m p l i n g s ta t i ons:

A n a l y l e S H G 0 7 S H G 0 8 S H G 0 9 S H G 1 0I r o n , F eA l u m i n u m , AlM a n g a n e s e , M nZinc, ZnC o p p e r , CuL e a d , PbArsenic , AsC a d m i u m , CdS i l v e r , A g *

9,510
5,200491
320
83.1
188
5.68
1.64
1.06

70,300
2,510
607
809
114
2,720
106
8.03
44.5

50,500
2,470
1,320
2,400
216
4,690
91.3
14.5
16.4

52.400
2,470
5,620
4,550
334
3,880
98.5
26.0
18.8

* 3051 d i g e s t i o n not recommended for Ag
5 . 0 S U M M A R Y A N D C O N C L U S I O N S

This section summarizes the a n a l y s e s of the Phase 1 OU6 s a m p l i n g program and p r e s e n t s c o n c l u s i o n s
based on geochemica! analys e s by dra inage basin, based on median data for all s ta t i ons in each basin
s a m p l e d d u r i n g th i s s t u d y . S a m p l e s were c o l l e c t e d f r o m M a y t h r o u g h J u l y 1 9 9 5 a t a p p r o x i m a t e l y we ek ly
i n t e r v a l s i n f o u r d r a i n a g e basins i n O U 6 : Evans G u l c h ( E G ) , S o u t h Evans G u l c h ( S E G ) , L i n c o l n G u l c h
( L G ) , a n d S t r a y H o r s e G u l c h ( S H G ) .

5.1 M e t h o d o l o g y

S a m p l e s were c o l l e c t e d a c c o r d i n g t o t h e p r o j e c t q u a l i t y as surance ( Q A ) p r o j e c t p l a n f o l l o w i n g
r e c o m m e n d a t i o n s s u g g e s t e d b y R e g i o n V I I I E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E P A ) Q A p e r s o n n e l . A l l
chemical a n a l y s e s were p e r f o r m e d f o l l o w i n g E P A a n a l y t i c a l m e t h o d s . W a t e r s a m p l e s were a n a l y z e d f o r
m a j o r ions, and d i s s o l v e d and total trace e l emen t s ( d i g e s t e d u s ing EPA M e t h o d 3015A p r i o r to a n a l y s i s ) .
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S t r e a m bed s e d i m e n t s were d i g e s t e d u s ing ERA M e t h o d 3051 and t h e n a n a l y z e d for trace e l e m e n t s .
Laboratory q u a l i t y control (QC) and data r e p o r t i n g package r equ ir ement s for these t e s t s were d e f i n e d by
t h e U n i q u e Laboratory S a m p l e A n a l y s e s ( U L S A ) request f o r m n e g o t i a t e d between t h e Rec lamat i on
Environmenta l Research C h e m i s t r y Laboratory ( t h e L a b ) a n d t h e Region V I I I E R A S a m p l e Broker.

The r e su l t ing analytical data were evaluated for q u a l i t y problems and then entered into the SPSS s ta t i s t i c s
program for data m a n i p u l a t i o n , s tati s t ical analys i s , and p l o t t i n g . Data for anaiytes observed below the l i m i t
of d e t e c t i on (LOD) were coded as (0.5 X LOD), to prevent a more biased e s t imat e of central t endency.
Because most trace e lement data in t h i s s t u d y were not n o r m a l l y ( s y m m e t r i c a l l y ) d i s t r i b u t e d , sub-basin
and s tat ion data summaries used the median as the e s t imate of the central t e n d e n c y of the da ta . If da ta
f or a p a r t i c u l a r a n a l y t e were n o r m a l l y d i s t r i b u t e d , the med ian and mean would be equal . The MINTEQA2
chemical equi l ibr ium model was used to ca l cu la t e mineral s a t u r a t i o n i n d i c e s and concen tra t i on s o ' : the
d i f f e r e n t forms or species that each element will f orm in a given water. MINTEQA2 runs were p e- f o rmed
on ind iv idua l sample dats sets, as va j as station median concentrations.

5.2 Data Q u a l i t y

Chemical a n a l y s i s data q u a l i t y was evaluated w i t h i n the Lab by each r e s p o n s i b l e a n a l y s t p e r f o r m i n g t e s t s
and by the Lab QC Officer ' s routine review. The overal l da ta q u a l i t y was j u d g e d a c c e p t a b l e f r o m the Lab
QC p e r s p e c t i v e , with some p r o b l e m s noted on r e p l i c a t e s ed iment s a m p l e pre c i s i on - p a r t l y caused by the
lack of adequate mix ing before grab s u b s a m p l i n g in the Lab (which improved over the course of th i s
s t u d y ) and p a r t l y due to the coarse p a r t i c l e size d i s t r i b u t i o n s in some s e d i m e n t s a m p l e s . S a m p l e s f r o m
L i n c o l n and S t r a y H o r s e G u l c h e s with e l evated trace e l ement c o n c e n t r a t i o n s somet imes exceeded QC
l i m i t s f o r in s trument-run s p i k e d - s a m p l e percent recovery checks. Thi s p r o b l e m wa s o f t e n observed when
th e s p i k i n g s t a n d a r d s o l u t i o n c o n c e n t r a t i o n was l ow r e l a t i v e t o th e s a m p l e c o n c e n t r a t i o n , c a u s i n g erratic
and u n r e l i a b l e percent recovery da ta . T h e s e p r o b l e m s ware noted in the case narra t iv e s t h a t
accompanied each s a m p l e d e l i v e ry package.

T h e o v e r a l l q u a l i t y o f m a j o r ions d a t a se t s w a s e v a l u a t e d u s i n g c a t i o n - a n i o n b a l a n c e (mos t n a t u r a l waters
a r e e l e c t r o n e u t r a l a n d c on ta in equal a m o u n t s o f p o s i t i v e s n d n e g a t i v e i o n s ) . A l m o s t a l l s a m p l e s f r o m
Evans a n d S o u t h Evans G u l c h , where; p K w a s n e u t r a l a n d b i c a r b o n a t e b u f ' o r i n g w a s p r e s e n t , snovvsc!
a c c e p t a b l e i o n b a l a n c e p e r c e n t a g e s o f ± 5 p e r c e n t . M a j o r i o n d a t a f o r s a m p l e s f r o m S t r a y H o r s e a n d
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L i n c o l n G u l c h e s were not evaluated using ion balance since a large por t ion of ionic a c t i v i t y in these
s a m p l e s is f rom e levated trace e lement concentrat ions .

Primary trace element d a t a were reviewed by the p r o j e c t chemist to identify in s tance s where d i s s o l v e d
concentrations were greater than to ta l concentrations. E i g h t out of 1,000 a n a l y t e s (0.8%) were f o u n d to
have dissolved > t o ta l , 5 occurrences for As ('arsenic) and three for Zn (zinc). However, the concentration
d i f f e r e n c e s were near the observed s tandard d e v i a t i o n for the a n a l y s i s (u s ed to c a l c u l a t e the l imit of
de t e c t i on - LOD), s u g g e s t i n g no s i g n i f i c a n t s t a t i s t i c a l d i f f e r e n c e between total and d i s s o l v e d . D i s s o l v e d >
to ta l anomalies are not unusual in the lower trace e lement concentration ranges due to greater v a r i a b i l i t y
relative to the ab s o lu t e measured concentrations. For d i s s o l v e d > total d i f f e r e n c e s greater than expec t ed
variabi l i ty where contamination is suspected, anomalies occurred in 18 of the 1000 analyte s (1.8 percent);
12 occurrences for Zn, 4 for Mg, and 1 each for Cd ( c a d m i u m ) , Mn ( m a n g a n e s e ) , As ( a r s e n i c ) , and Al
( a l u m i n u m ) . For 2 out of the 100 s a m p l e s (2%) the d i s s o l v e d > total a n o m a l i e s were observed on 4 or
more e l ement s , s u g g e s t i n g a labe l switch.

The q u a l i t y p r o b l e m s mentioned here are well w i th in reasonable e x p e c t a t i o n for a s t u d y of t h i s size and
c o m p l e x i t y , and thus s h o u l d not a f f e c t i n t e r p r e t a t i v e c onc lu s i on s made in the b o d y of t h i s r epor t .

5.3 S t r e a m F l o w s

R u n o f f volumes d u r i n g this s t u d y are d i f f erent in each dra inage ba s in , p r i m a r i l y r e la t ed to the a v a i l a b l e
dra inage area, local snow ac cumula t i on , vegetat ive cover, and e l e v a t i o n g r a d i e n t s ; however, a lmo s t all
OUS stations showed a f l o w maximum on or about J u n e 2 0 , 1 9 S 5 . Chemical concentrations in every sub-
basin a p p e a r e d to respond to f l o w , and almos t all d i s s o l v e d c o n t a m i n a n t s and m a j o r ions da ta show a
d i l u t i o n e f f e c t as a r educ t i on in concentrat ion on or about maximum r u n o f f f l o w . However , the r e l a t i v e l y
small s a m p l e sizes (le s s than or equal to 10 events) and natural v a r i a b i l i t y did not p roduc e any s i g n i f i c a n t
s i m p l e s t a t i s t i c a l c orr e la t i on s between f l o w and concentrat ion. Highe s t f l o w s were observed in Evans
G u l c h , up to 65.5 f tVs, and t h i s d r a i n a g e was f l o w i n g at > 10 f tVs a f t e r the f inal 07-26-95 s a m p l i n g event.
R e s i d u a ! o f f - s e a s o n f l o w i n Evans G u ' c h i s p r o b a b l y around 1 f f V s o r l e s s . L i n c o l n G u l c h showed t h e
lowest f l o w s ( m a x i m u m observed 3 . 4 f f / s ) a n d t h e shor t e s t d u r a t i o n r u n o f f p e r i o d i n O U S , wi th near-zero
f l e w a f t e r 05-27-95. Stray H o r s e G u l c h a ' s o shows maximum r u n o f f f i o ' . v s i n t h e 3 - 4 f t V s range, a n d t h e
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maximum f l o w shows a sharp c l ear peak with abrupt t r a n s i t i o n s to f l o w s < 1 f t 3 / s b e f o r e and a f t e r r u n o f f
maximum.

5.4 M a j o r I o n s Chemis try

The data f r om this s tudy suggest that there are 2 d i f f e r e n t geochemical regimes in the OU6 s tudy area.
Evans Gulch and South Evans G u l c h represent s imilar calcium-bicarbonate waters with neutral pH,
a p p r o x i m a t e l y 1 meq/L (61 mg/L) bicarbonate b u f f e r i n g capacity, and g e n e r a l l y low dis solved s o l id s and
trace element concentrations. T h e s e 2 d r a i n a g e s are a c t u a l l y connected and are ind i ca t iv e of s i m i l a r
carbonate m i n e r a l - i n f l u e n c e d chemistry. L i n c o l n G u l c h and S t r a y H o r s e G u l c h , on the other h a n d , are
low pH, h igh s u l f a t e , and elevated di s so lved s o l i d s and trace e lement waters i n d i c a t i v e o f p y r i t e mineral
o x i d a t i o n processes associated with mine t a i l i n g s . F i g u r e 13 shows Sti f f d i a g r a m s that p l o t sub-basin
median major ions concentrat ions .

F i g u r e 13 - Sti f f d iagrams for median m a j o r ions concentra t i on s f r o m each OU6 d r a i n a g e sub-basin.

t n e q / I
Co t i o n s

I ' " i '5 n

i
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5.5 Dis so lved and T o t a l Trace E l emen t s

Evans and S o u t h Evans G u l c h e s showed the lowest c on taminant c onc en tra t i on s , cons i s t ent with l e s s er
mining i n f l u e n c e and the neutral pH of the water. M a n y contaminant in these two basins (which are
a c t u a l l y connected sub-basins) are below d e t e c t i o n l i m i t s . S t r a y H o r s e and L i n c o l n G u l c h e s , however,
contained elevated concentration of al l trace e l ement s . M e d i a n contaminant concentrat ions for each
sub-basin are graphed in F i g u r e 14, which shows the su spended e l ements Fe (iron), Al, and Mn, and
F i g u r e 15, which shows the toxic contaminants Zn, Cu ( c o p p e r ) , Pb (l ead), As, and Cd. N o t e that the
concentration axes on both f i gur e s are log-scaled to accommodate the large range of observed
concentrations. In general , all contaminants showed a maximum concentration peak prior to the r u n o f f
f l o w maximum, with a subsequent concentration minima and then a suggested increase as f l o w s
subsided. A s i g n i f i c a n t observation for all OU6 basins is the consistent presence of e levated
concentrations of Zn in r u n o f f s a m p l e s , probab ly related to the observed wide d i s t r i b u t i o n of Zn-
containing mineral s in the watershed.

M e d i a n S u s p e n d e d Trace El ement s , by Basin

Evans Gulch

Drainage Basin
L i n c o l n G u l c h

re*--.,*.. _L__KS
South Evans G u l c h

S l r a y H o r s o G u l c h

F i g u r e 1 4

G 2



U p p e r elevation Evans Gulch s tations showed very low concentrations of lead and c o p p e r , and no
median d i s s o l v ed concentrat ions of these e l e m e n t s was seen until station WE02. T h e r e was no
d e t e c t a b l e Ag in any Ev^ns G u l c h s t a t i o n ; however, r e a d i l y measurab l e c o n c e n t r a t i o n s of Zn, As, and Cd
were f o u n d at all s ta t ions . All e l e m e n t s showed a general increase in c onc en tra t i on as s t a t i o n e l e v a t i o n
decreases, p r o b a b l y caused by in t erac t i on with a greater watershed area. The a p p a r e n t l y abrupt
concentration increases seen in the lower EG01 and EG02 stations were probably due to other sources
near these stations.

F i g u r e 15 - M e d i a n t o x i c trace e l emen t s in the 1995 s p r i n g snowmelt r u n c f f for each of the OU6 sub-
basins.

M e d i a n T o x i c T r a c e E l e m e n t s , by Basin

T h e a v a i l a b l e d a t a s ugge s t t h a t S E G 0 2 w a s t - i e " c l eane s t " s t a t i o n a n d t h a t r u n o f f f r o m mined arsas w a s
i n f l u e n c i n g S E G 0 3 a n d S E G 0 4 . C o n t a m i n a n t c o n c e n t r a t i o n s seem t o f o l l o w c o m p l e x p a t t e r n d u r i n g t h e
r u n o f f event, s u g g e s t i n g that th e r u n o f f interac t ion wi th th e S o u t h Evans G u l c h watershed i s c o m p l e x ,
with g e n e r a l l y grea t er mine waste i n f l u e n c e a t l ower e l e v a t i o n s . T h e r e was no d e t e c t a b l e z inc unt i l
s t a t i o n S E G 0 3 , a n d c o p p e r a n d c a d m i u m were n o t observed u n t i l s t a t i o n S E G 0 4 . M e d i a n s i l v e r w a s
a l so below d e t e c t i o n i n a l ! S o u t h Evans G u l c h s t a t i o n s .
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W h i l e S t r a y H o r s e G u l c h a n d L i n c o l n G u l c h trace e l emen t c o n c e n t r a t i o n s were s i m i l a r , L i n c o l n G u l c h
c l ear ly showed much h igher concentrat ions for most e l ement s . Both of these acid mine dra inage-
i n f l u e n c e d sub-basins contained low p.-i emd e l eva t ed s u s p e n d e d and toxic trace e l ement s . The h i g h e r
concentrations observed in LG, however, are m i t i g a t e d to some extend by the brevity of the runoff p er i od .

S H G 0 7 was upstream of the worst concentration of Stray Hor s e G u l c h waste rock p i l e s , so the trace
element and general chemistry concentrations for this station share more in common with the downstream
Evans Gulch stations than with Linco ln G u l c h or downstream Stray Horse G u l c h stations. However, at the
next downstream station, SHG08, the contaminants and general chemistry r e f l e c t ed increased mine waste
rock impacts with s ign i f i cant pH lowering and increases in Fe, Al, M n . C u , Pb, As, and Cd. At station
SHG09, several elements showed another s i g n i f i c a n t level of increase from SHG08. Median SHG09 Pb
and As double; and Cu, Zn, Cd, Mn, Al, and Fe approach order of magni tude increases compared to
SHG08 concentrations. Except for Pb, As, and Ag, median SHG09 concentrations were also much higher
compared to the Lincoln Gulch station LG01.

At station SHG10, the lowest e levation station in this basin, median total concentrations compared iu
SHG09 have increased f or Fe, Pb, As, and Ag, whi l e a c t u a l l y d e c l i n i n g f o r Al, Mn, Zn, and Cd. Dis so lved
concentrations show an even more dramat i c d e c l i n e for many e l ement s . T h e s e changes are s u g g e s t i v e
that to tal s u s p e n d e d e l ement s were increa s ing , and m i x i n g o f Stray H o r s e G u l c h runof f with Starr Ditch
water, containing r u n o f f f rom Lit t l e Stray H o r s e G u l c h and other p o i n t s north o f L e a d v i l l e , was p e r h a p s
a l t e r i n g the chemistry at SHG10 to f a v o r p r e c i p i t a t i o n and a d s o r p t i o n .

5.8 Water Q u a l i t y R e g u l a t i o n s and Observed Excsedence s

T r a c e element data f r om each s a m p l i n g s tat ion were eva lua t ed by c o m p a r i n g s t a t i on med ian
concentrat ions to the water q u a l i t y s t a n d a r d s a p p l i c a b l e to the OU6 water shed. Evans G u l c h water is
used a s t h e d r i n k i n g water s u p p l y f o r L e a d v i l l e , C o l o r a d o . T a b l e 1 l i s t s t h e r e g u l a t e d a n a l y t e s and th e
pr imary a n d secondary maximum concen tra t i on l i m i t s ( M C L ' s ) d e f i n e d u n d e r t h e F e d e r a l S a f e D r i n k i n g
W a t e r Act - amended 1986, (Nat iona l P r i m a r y D r i n k i n g W a t e r S t a n d a r d s - 40 CFR 141, t h e Nat iona l
S e c o n d a r y D r i n k i n g W a t e r S t a n d a r d s - 4 0 C F R 143); a n d t h e t a b l e va lu e s t a n d a r d s ( T V S ) i m p l e m e n t e d b y
t h e S t a t e o f C o l o r a d o , D e p a r t m e n t o f H e a l t h , W a t e r Q u a l i t y C o n t r o l C o m m i s s i o n , f o r Evans G u l c h , U p p e r
A r k a n s a s River S a s i n , S t r s a m S e g m e n t 7 . C o l o r a d o TVS v a l u e s were c a l c u l a t e d based on Evans G u l c h
hardness data u s ing ihe lower S5 percent c o n f i d e n c e interval of 84 m g / L as CsCO 3 , d e t e rmined f r o m a
s t a t i s t i c a l a n a l y s i s o f Evans G u l c h calc ium and magnes ium d a t a f r o m t h i s s tudy.



Tr. b!e 5.B.1 -. E x c e o d o n c e s o f F e d e r a l and C o l o r a d o S t a t e W a t e r Q u a l i t y S t a n d a r d s : This t a b l e shows the s a m p l i n g s t a t i o n s where medianconcentra t ions d u r i n y the 1995 OU6 snowmelt r u n o f f event exceeded either the S a f e Drinking Water Act (SWDA) regulated levels,or C o l o r a d o acute and chronic water q u a l i t y s t a n d a r d s .
S t a t i o n s W i t h i n Each Basin with M e d i a n Concentrations Exceeding S t a n d a r d s

A r . a l y t a R e g u l a t o r y L i m i t
p H F e d e r a l SWDA S e c o n d a r y , pH 6.5 - 8.5

C o l o r a d o A c u t e T V S , p H >6.5
S u l f a t u : F e d e r a l S V V O A S e c o n d a r y M C L , 2 5 0 m g / LC o l o r a d o A c u t e T V S , 2 5 0 m g / L
I r o n : F e d e r a l S W D A S e c o n d a r y M C L , 3 0 0 p g / LC o l o r a d o C h r o n i c T o t a l T V S , 1,000 p g / LC o l o r a d o Chroni c Dissolved T V S , 3 0 0 ( j g / L
A l u m i r u i r r . :F e d e r a l S W D A S e c o n d a r y M C L , 2 0 0 p g / L
M a n g a n e s o :F e d e r a l S W O A S e c o n d a r y M C L , 5 0 p g / L

C o l o r a d o C h r o n i c D i s s o l v e d T V S , 5 0 p g / L
Zi^c: F e d e r a l S W Q A S e e s . - . ' a r y M C L , 5.000 p g / LC o l o r a d o A c u t e T V S , 1 0 1 p g / L

C o l o r a d o C h r o n i c T V S , 91.4 p g / L
C o p p o r : F e d e r a l S W O A Primary M C L , 1,300 p g / LF e d e r a l S W Q A S e c o n d a r y M C L , 1,000 p g / LC o l o r a d o A c u t a T V S , 15.0 p g / L

C o l o r a d o C h r o n i c T V S , 10.2 p g / L
L e a d : F e d e r a l S W O A P r i m a r y M C L , 1 5 p g / LC o l o r a d o A c u t e T V S , 72.3 p g / L

C o l o r a d o C h r o n i c 1 V S , 3.04 p g / L
A r s e r . i c :

F e d e r a l S W D A P r i m a r y M C L , 5 0 p g / L
C o l o r a d o A c u t e T V S , 5 0 p g / LC a d m i u m :
F e d e r a l S W D A P r i m a r y M C L , 5 p g / L
C o l o r a d o A c u t e T V S , 3.22 p g / L
C o l o r a d o C h r o n i c T V S , 0.989 p q / L

EG
nonenone
nonenone
WE01 EG01 EG02nonenone
ALL but EG03
EG01 EG02EG01 EG02
none
A L L S T A T I O N S
A L L S T A T I O N S
nonenonenoneEG02
EG01 EG02noneEG02
none
none
nonenoneG01 EG02

S E G
nononone
nonenone
S E G C 4nonoSEG04
A L L b u t S E G 0 2 S E G 0 5
nonenone
noneS E G 0 4 S E G 0 5
S E G 0 4 S E G 0 5
nonenonenonenone
S E G 0 4noneS E G 0 4
nonenone
nonenone
S E G 0 4 S E G 0 5

LG
LG01
LG01
LG01LG01
LG01LG01LG01
LG01
L G 0 1
L G 0 1
LG01
L G 0 1
L G 0 1
LG01LG01
L G 0 1
L G 0 1
LG01
LG01
LG01
L G 0 1
L G 0 1
L G 0 1
L G 0 1
L G 0 1

S H G
A L L b u t S H G 0 7
ALL but S H G 0 7
A L L b u t S H G 0 7A L L b u t S H G 0 7
A L L S T A T I O N S
A L L b u t S H G 0 7
A L L S T A T I O N S
A L L S T A T I O N S
A L L S T A T I O N S
A L L S T A T I O N S
ALL but S H G 0 7
A L L S T A T I O N S
A L L S T A T I O N S
S H G 0 9 S H G 1 0
S H G 0 9 S H G 1 0
A L L S T A T I O N S
A L L S T A T I O N S
A L L b u t S H G 0 7
A L L b u t S H G 0 7
A L L S T V T I O N S
S H G 1 0
S H G 1 0
A L L S T A T I O N S
A L L S T A T I O N S
A L L S T A T I O N S

iv.ui. = M a x i m u m C o n c e n t r a t i o n L i m i t , T V S = T a b l e V a l u e S t a n d a r d T a b l e 1 a l so i d e n t i f i e s t h e sub-basin s t a t i o n s where median concentrat ions
e x c e ed ed one or more o f th e a p p l i c a b l e water q u a l i t y r e g u l a t i o n s . If t h e med ian concen tra t i on f or a given s t a t i o n i s below the r e g u l a t e d
c o n c e n t r a t i o n , one cannot be assured tha t al l o f the s a m p l e s are be low the l i m i t . However , when m e d i a n concen tra t i on s exceed a r e g u l a t o r y l imit ,
it i s s a f e t o as sume t h a t ha l f the s a m p l e s wi l l have c onc en tra t i on s equal to or greater than the r e g u l a t e d concentrat ion.
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W h i l e Evans G u l c h and S o u t h Evans G u l c h represent th e c l eaner sub-basins s a m p l e d in t h i s s t u d y ,
several n o t a b l e sxceedences were observed for the lower e l eva t i on s t a t i on m e d i a n concen tra t i on s in both
sub-basins. I n Evans G u l c h , three s t a t i o n s exceeded s t a n d a r d s f o r F e , f o u r s t a t i o n s exceeded s t a n d a r d s
f or Al, two s ta t i ons exceeded s t a n d a r d s f or Mn, one s t a t i on exceeded s t a n d a r d s f or Cu, two s t a t i o n s
exceeded s t a n d a r d s f o r Pb. and two s t a t i o n s exceeded s t a n d a r d s f o r Cd. Notab ly , a l l Evans G u l c h
stations exceeded Colorado s tandards for Zn. S o u t h Evans G u l c h showed exceedences for the f o l l o w i n g
station median concentrations: one s ta t i on exceeded s t a n d a r d s for Fe; three s t a t i o n s exceeded
s t a n d a r d s f or Al; two s tat ions exceeded s t a n d a r d s f or In; one s ta t i on exceeded s t a n d a r d s f o r Pb; and
two s tations exceeded s t a n d a r d s for Cd.

The ac idic sub-basins showed exceedences f or a l l T a b l e 5.6.1 e l e m e n t s and ana ly t e s . L i n c o l n G u l c h
showed the greatest number o f exceedences, a l t h o u g h almos t a l l S t r a y H o r s e G u l c h s t a t i o n s downs tream
of SHG07 also showed exceedences for T a b l e 5.6.1 ana ly t e s .

5.7 Trace Element MINTEQ M o d a l S p e c i a t i o n

T a b l e 5.7.1 summarizes the range of observed p e r c e n t a g e s for the p r i m a r y spec i e s c a l c u l a t e d by the
MINTEQA2 model f or each o f the f o u r OU6 sub-basins (see d i s c u s s i o n in i n t r o d u c t i o n r e g a r d i n g
MINTEQA2 model a s s u m p t i o n s ) . The T a b l e 5.7.1 p e r c e n t a g e s are based on the measured t o t a l ( 3 0 1 5 A
d i g e s t i o n ) concentrations and i n t e r p r e t i v e i m p l i c a t i o n s o f spec i e s c onc en t ra t i on e s t imate s . The ranges are
based o n i n d i v i d u a l s a m p l i n g s ta t i on median data M 1 N T E Q A 2 re su l t s .

W i t h i n each sub-basin, a s i g n i f i c a n t d i f f e r e n c e in the d i s t r i b u t i o n o f s p e c i e s between u p p e r and lower
e l eva t i on s t a t i o n s was observed, hence the wide range o f p e r c e n t a g e s for some e l e m e n t s (for e x a m p l e
S t r a y H o r s e G u l c h C d a n d Z n ) . I n I h e c l eaner sub-basins, there were o f t e n n o d e t e c t a b l e trace e l e m e n t s
i n t h e u p p e r e l e v a t i o n s t a t i o n s , a n d t h u s the s e s p e c i e s d i s t r i b u t i o n s a r e l a r g e l y unknown. I n S t r a y H o r s e
G u l c h , there i s a b ig d i f f e r e n c e between the r e l a t i v e l y c l ean SHG07, which bears r e s e m b l a n c e t o th e
lower e l e v a t i o n Evans G u l c h s t a t i o n s . E G 0 2 and r 303, and th e a c i d i f i e d d owns t r eam S t r a y H o r s e G u l c h
s tations.
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The f o l l o w i n g summarizes in format ion for each element:

I R O N , F e Fe i s p r i m a r i l y associated with s u s p e n d e d m a t e r i a l s in a l l OU6 s t a t i o n s ,
and even in *hr a c i d i f i e d stations, there is very little f r e e f err i c ion. The
pr imary d i s s o l v e d spec i e s in the c l eaner sub-basins are h y d r o x i d e s with
i p . s i g n i f i c s n t ^mounts o f s . M l f e t e c ompl ex e s . I n t h e a c i d i f i e d systems,
hydrox ide s still constitute a s i g n i f i c a n t propor t ion of species, but elevated
s u l f a t e f rom p y r i t e o x i d a t i o n p r o d u c e s a l a r g e r p r o p o r t i o n o f s u l f a t e
complexes.

ALUMINUM, Al Al i s al so s t rongly associated with th e s o l id phas e in OU6 waters. In
Evans and South Evans Gul che s , the sol id phase is the dominant form.
In t h e a c i d i f i e d sub-basins; however, s i g n i f i c a n t p o r t i o n s o f t o ta l Al
becomes associated with the free ion and s u l f a t e complexes .

M A N G A N E S E , M n M n , w h i l e u s u a l l y associated with s u s p e n d e d s e d i m e n t s , shows s l i g h t l y
d i f f e r e n t behavior compared to Fe and Al. W h i l e Mn is associated with
p a r t i c u l a t e mswsr, the f r e e ion i s c l ear ly an i m p o r t a n t f o r m in all OU6
drainage s . I n v h e a c i d i f i e u s u l f a t e rich s t a t i o n s , t h e s u l f a t e a l m o s t
reaches 20 percent.

Z I N C , Z n

C O P P E R , Cu

Zn, which is present in -;.n OU6 sub-basins, shows cons i s t ent ly large
p r o p o r t i o n s of f r e e ion (lowest observed = 30%), w;Ih most of the
remainder as soc iated with the s o l i d phase. M i n o r amount s o f carbonate
complex are present in Evans and S o u t h Evans G u l c h e s ; however, the
s u l f a t e c o m p l e x i s the other major s p e c i e in the a c i d i f i e d sub-basins .

C ' j i n Evans a n d S o u t h Evans G u l c h w a s p r i m a r i l y associated with t h e
s o l i d p h a s e and th e h y d r o x i d e c o m p l e x , w i t h minor amount s o f t h e
carbonate c o m p l e x . H y d r o x i d e s , however, do no t f o r m in L i n c o l n and
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Stray Horse Gul che s , where the fre e ion assumes a more dominant role
and the s u l f a t e c omplex represent up to 17 percent of total mass.

L E A D , Pb

A R S E N I C , A s

C A D M I U M , C d

S I L V E R , A g

The s o l id phas e domina t e s the s p e c i a t i o n of Pb in all OU6 sub-basins.
The cleaner systems showed minor amounts of f r e e ion, h y d r o x i d e , and
carbonate complex e s , while the fr e e ion and s u l f a t e c o m p l e x are the
minor component s of the a c i d i f i e d systems

Arsenic exists as an anion in almosx a!! aqueous systems. In Evans and
S o u t h Cvans G u l c h * & , t h e pr imary s o l u t i o n spec i e i s t h e H j A s O / anion,
with a s i g n i f i c a n t p r o p o r t i o n associated with the s o l i d phase . In the
ac id i f i ed sub-basins, an even greater propor t i on (up to 95%) is
associated with the so l id phase , and ihe h igher hydrogen ion ac t iv i ty
produce s a smal l amount of the uncharged h y d r o g e n arsenate H 3 A s C >

Highly toxic Cd is dominated by the f r e e ion in all OU6 sub-basins;
however, the s o l i d pha s e i s a l so i m p o r t a n t . As with Zn, the c l e a n e r
neutral pH systems show low Cd c onc e n t ra t i on s r e l a t i v e to the a c i d i f i e d
systems.

Ag was o n l y observed in the a c i d i f i e d sub-basins; and even in the s e
sys tems, a lmos t al! the s i l v er i s a s soc ia ted with the s o l i d phase .



T A B L E 5.7.-I - M I N T E Q A 2 - S U M M A R Y O F M I N E R A L / T R A C E M E T A L S P E C I A T I O N I N O U 6 S U R F A C E W A T E R S N O W M E L T R U N O F F B Y
D R A I N A G E B A S I N -

Evans G u l c h
S ' . M C K 5

I R O N . F a S o ' i d Phaso
F i O H H

. Ft-(OH)2 *
F t ( O H ) 3 e f >
F e S C M *
F c ( S C K ) 2 -
F r e e I o n . F e 3 >

A L U M I N U M , A lSoiid Phaso
F r e e I c o . A I 3 +
A ' S O - t t
A I O H +
A I ( S O 4 ) 2 -

U A . ' I G A r l E S £ . M n
S o l i d PhaseF r o e I o n . Mn2+
V.ASO4 aq

Z I N C , Z n S o l i d Phas e
F r e e I o n . Zn2+
Z n C O 3 oq
Z n S O - t oq

C O . ' P c f t . C uS o l i d P h a s a
F r e e I o n , Cu2*
C:j(OH)2 sqC u C O 3 aq
CuSO-1 *qL E A D , F b
S o l k l Phaw
F r e a I c n . Pb2*
P ^ S Q 4 aq
P r X ; O 3 sq
PbOH t

A K 3 E N I C . A t S o M Pha:-o
H 2 A S O 4 -
H 3 A S O 4

C A O V i U y . C dS o l i d Phasa
F r e e I o n . C d 2 +C d C 0 3 a q
CJSO-t aqC J ( S C 4 ) 2 2-

E U . V E R . A ( j S o M P h a G j jF r e e Ion. A<£^

% Renvja
78-93
X
8-15
2-5

80

10-955-80
1-2
9-45
52-93
1-2

X

44-65
2-3
30-43
2-3
X

03-931-4
X3-7
1-2
22-65
3!-«6
5-13
3-53
44-91

-3

S o u t h Evans G u l c hSpec i e s
S o l i d Phas eFeOH 2+
F e ( O H ) 2 +
Fe(OH)3 aq
F e S O 4 +F e ( S 0 4 ) 2 -F r r o I o n , F e 3 +
S o l i d PhaseF r e e I o n . A I 3 +
A I S O 4 +
A I O H *
A I ( S O J ) 2 -
Solid PhaseF r e e Ion. Mn2*MnSO4 eq
S o l k l PhaseF r e e Ion. Zn2*ZnCO3 oq
ZnSO4 aq
S o l i d PhaseF r t f t I o n . Cu2*
r . u ( O H ) 2 nq
CuCO3 3q
C u S O 4 a q
S o l i d PhaseF r e e I o n , Pb2+
P b S O 4 a q
Pt>CO3 aq
P b O H *
S o l i d Pha so
H 2 A s O 4 -
H 3 A S O 4
S o l k ) P h a j eF r e e I o n , Cd2*
C d C O 3 a qC d S O 4 aq
C d ( S 0 4 ) 2 2-
S o l i d PhoseF r e e I o n . A g *

% Range
81-94
X
4-13
1-5

X
X
X
80-92
X
X
X• x
25-48
51-73
1-2
0-2175-95
1-2

X

32-39
3-4
54-61
2-3
X

>78
X
X
X
X

24-49
43-65
8-12
21-31
65-74
1.2
X
X

X

L i n c o l n G u l c hSpecie s
S o l i d Phase
FeOH 2*
F e ( O H ) 2 *Fe(OH)3 aqFeSO4 +F e ( S 0 4 ) 2 -Fr*.« Ion. F e 3 +
Sol id PhaseFree ton, AI3*AIS04 *
AIOH +AI(S04)2 -
Solid PhaseFree loo, Mn2+
M n S 0 4 aq
S o l i d PhaseFroo Ion, Zn2+Z n C O S a qZ n S 0 4 a q
SoM PhaseFree Ion, Cu2*C u ( O H ) 2 aq
CuC03 oq
CuSO4 aq
S o l i d PhasoF r e e I o n . Pb2+PbSO4 aqPbCOS aq
PbOH*
S o l k l PhaseH 2 A S 0 4 -
H 3 A S 0 4
S o l i d PhaseF r e e Ion. Cd2*C d C 0 3 aq
C d S 0 4 aq
C<1(SO-1)2 2-
S o l k l Phase

Stray H o n e G u l c h% Range Spec i e s
579
9
X
20
2
1-2
68
16
14
X3
20
64I S
10
67
X
23
25
57
X
X
17
905
5
X
X
94
6<1
15
58
X25
2
93
2

Solid PhaseFeOH 2+Fe(OH)2 +
Fe(OH)3 aq
FeSO4 +F e ( S O 4 ) 2 -Free Ion. Fe3+
S o l i d PhaseFree Ion. AI3+AISO4 +
AIOH +
AI(S04)2 -
Solid PhaseFree Ion, Mn2+M n S O 4 aq
Sol id PhaseFree Ion, Zn2+Z n C O S a qZ n S O 4 a q
Sol id PhaseFree Ion, Cu2*C u ( O H ) 2 aq
CuC03 aqC u S O 4 a q
Solid PhaseFree Ion. Pb2+P b S O 4 a qP6CO3 aqP b O H - f
S o l i d PhaseH 2 A S O 4 -
H 3 A s O 4
Solid PhaseFree Ion, Cd2*
C d C O 3 aq
C d S 0 4 aq
C d ( S 0 4 ) 2 2-
S o l i d PhaseFree I o n , A g +

% Range
3-803-25
4-42
X
10-29
0-2
2-9
27-6020-«4
15-25

X1-5
0*5
30-957-13
0-5830-95
X
10-16
4-62
29-87
X
X8-14
57-93
3-323-18
X
X
60-95
4-38
<1-3
0-58
28-87
X
12-21
<1-2
>95
X
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5 . 8 M I N T E Q A 2 M i n e r a l S a t u r a t i o n i n d i c e s

The cleaner, neutral pH sub-basins ( E G , SEG) were g e n e r a l l y undersaturated with respect to carbonate
and s u l f a t e mineralr. oversaturated with respect to oxides and ox ir t e-hydrox ide s , undersaturated with
respect to h y d r o x i d e - s u l f a t e s and s u l f a t e s , and p r o b a b l y near e q u i l i b r i u m with c r y s t a l l i n e s i l i c a m i n e r a l s ,
but undersaturated for amorphous silica. The lower e levation s tat ions in both c lean sub-basins a p p e a r e d
to be near e q u i l i b r i u m with quartz. Except for quartz, SEG waters do n.ot a p p e a r to be in e q u i l i b r i u m (near-
0 Si' s) with any o f th e t a b l e minerals. T h e s e re su l t s are cons i s t ent with th e overal l neutral pH and C a - M g -
bicarbonate chemistry of EG and SEG waters.

T h e S i ' s ca l cu la t ed f o r t h e m i n e - i n f l u e n c e d a c i d i f i e d sub-basins ( L G , S H G ) s u g g e s t that these waters
were h i g h l y under sa tura t ed with respect to carbonate minera l s . The e x c e p t i o n i s the near-neutral SHG07,
which showed S i ' s more s i m i l a r t o lower e l e v a t i o n E G s ta t i ons than L G o r downs tr eam S H G s ta t ions . T h e
a c i d i f i e d s ta t ions were c o n s i s t e n t l y oversaturated with respect to iron o x i d e s , h y d r o x i d e s , o x id e-
hydrox ide s , and jaro s i t e , probably because of elevated di s so lved Fe. L a n g i t e and the other s i m p l e
s u l f a t e s were genera l ly undersaturated d e sp i t e elevated s u l f a t e in LG water; however, SHG s tat ions
showed a clear trend approach ing near 0 equilibrium SI values in downstream stations, p r o b a b l y due to
elevated s u l f a t e in r u n o f f . A c i d i f i e d waters were g e n e r a l l y oversaturated for c r y s t a l l i n e s i l ica minerals, but
undersaturated for amorphous si l ica. The SI re sul t s for these sub-basins are consistent with the overall
acidic pH and s u l f a t e - d o m i n a t e d chemistry of these waters.

5.9 F l o w - W e i g h t e d Contaminant L o a d i n g

F l o w - w e i g h t e d contaminant l o a d i n g was c a l c u l a t e d by mult iplying the measured concentra t i on s of each
contaminant by th e stream f l o w measured d u r i n g s a m p l e c o l l e c t i o n . W h i l e l o a d i n g i s v a l u a b l e i n f o r m a t i o n
needed to assess trace e lement i n p u t s into C a l i f o r n i a G u l c h and the A r k a n s a s River, the duration of f l o w
must a l so be c on s id er ed . For e x a m p l e I.G showed the great e s t overa l l trace e l ement l o a d i n g value s;
however, this p a r t i c u l a r dra inage only f l o w s for a briar period d u r i n g the r u n o f f . On the o ther hand, EG,
which has low l o a d i n g relative to the ac-.dU; sub-basins, al so f l o w s c o n t i n u o u s l y and thus may be a larger
overall l o a d i n g source on a year-round basis. T h i s f a u t o r s h o u l d h e l p the reader to balance the obviousiy
much greater l o a d i n g observed in the acidic sub-basins (two to three orders of m a g n i t u d e greater in
a c i d i f i e d sy s t ems) re lat ive to the clean sub-basins.

I n a l l sub-bas ins , m e d i a n t o t a l c o n t a m i n a n t l o a d i n g g e n e r a l l y reaches a max imum va lu e f o r most
c o n t a m i n a n t s t h e week b e f o r e max imum observed r u n o f f H O W . L o a d i n g i s l owe s t i n S E G , f o l l o w e d b y E G ,
a n d then a l a r g e increase t o S H G , a n d t h e n f i n a l l y r e a c h i n g maximum observed v a l u e s i n L G . G r e a t e s t
l o a d i n g i s observed at the l owe s t e l e v a t i o n s t a t i o n s in each of the s u b-ba s in s , an o b s e r v a t i o n t h a t wou ld

70



be expected given greater watershed conta^' and runoff voiume c o l l e c t e d by the lower s t a t i o n s . G i v e n
the more continuous f l o w s and e levated cor^rninant cc»'<c<?ntrations observed in SHG, t h i s sub-basin i s
p r o b a b l y the most i m p o r t a n t l o a d i n g source f r o m OU6.

F i g u r e 16: F l o w - w e i g h t e d t o ta l trace e l ement l o a d i n g f or the 1995 s p r i n g snowmeit runo f f in OU6.

M e d i a n Tota l T r a c e E l emen t L o a d i n g , by Basin

Evans Gutch
Drainage Basin

Sl-sy H o r s e Gulch

F i g u r e 17: F l o w - w e i g h t e d d i s s o l v e d trace e l emen t l o a d i n g f or th e 1995 s p r i n g snowmeit r u n o f f in OUG

M e d i a n Dissolved T r a c e Element L o a d i n g , by Basin



F i g u r e 18: M e d i a n trace e l ement c onc en t ra t i on s in OU6 stream bed s e d i m e n t s .

M e d i a n Trace E l emen t s in S t r e a m S e d i m e n t s , mg/Vg

S a m p l e Drainage Bssjn

5.10 Stream Bed S e d i m e n t Trace Elements

Stream bed sediments represent a sink for suspended s o l i d s and many trace e l ement s associated with the
so l id phase. Fe is known to adsorb onto s u sp ended p a r t i r . u l a t e s as h y d r o x i d e c o m p l e x e s which th en
become e f f e c t i v e a d s o r p t i o n s u r f a c e s f o r o th er trace e l e m e n t s

S e d i m e n t c oncentra t i on s a p p e a r to mirror c onc en tra t i on s in water wi th the n o t a b l e e x c e p t i o n o f Pb, which
shows m e d i a n c onc en t ra t i on s c o m p a r a b l e to Zn in every sub-basin. This b ehavior may be e x p l a i n e d by
th e observed a f f in i ty o f Pb f or th e s o l i d pha s e in water a n a l y s i s r e su l t s . N o t e t ha t Ag c o n c e n t r a t i o n s ar e
l i k e ly biased low, because th e EPA M e t h o d 3051 d i g e s t i o n causes Ag v o l a t i l i z a t i o n losses.

M e d i a n s tream bed s ed imen t c o n t a m i n a n t c onc en tra t i on s were lowest in S E G , f o l l o w e d by EG, LG and
then SHG. SHG shows g e n e r a l l y g r e a t e r median concentrat ions t han LG - a reversal o f the observed
water ana ly s i s results - p r o b a b l y caused by grea t er r u n o f f v o lume s and d u r a t i o n in SHG. All sub-basin
sediment trace e l ement s show a general trend towards greater concentrat ion with lower s t a t i on e l e v a t i o n ,
and th i s observation is consis tent with e xpo sure to greater watershed area r u n o f f and s e t t l i n g of s u sp ended
s o l i d s . S i a l i o n s in the v i c i n i t y of min ing a c t i v i t y or waste p i l e s a l s o show increase s in s ed iment
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concentrat ions , such as the concentrat ion increases observed between S E G 0 3 to S E G 0 4 (3 to 10 t imes
greater in S E G 0 4 ) , between SHG07 and SHG08, or the h i g h e r concentrat ions seen in EGOS re la t ive to
other u p p e r e l evat ion EG s tat ions .

T a b l e 5.10.1: Median contaminant concentrations in stream bed sediments , m g / k g , (method
3051 d i g e s t i o n ) for OU6 sub-basins.

A n a l y t e EG S E G

* 3051 d i g e s t i o n not recommended for Ag

LG S H G
I r o n , F e
A l u m i n u m , Al
Manganese, Mn
Z i n c , Zn
C o p p e r , Cu
Lead, Pb
Arsenic, As
C a d m i u m , Cd
S i l v e r , Ag •

1 1 ,900
1,890
878
1,080
57.2
491
25.1
4.70
1.90

8,880
2,590
450
217
9.30
212
15.4
1.50
<1

39,700
3,930
2,190
1,110
485
2,150
78.0
4.10
12.5

49,400
3,090
1,160
1,840
149
3,350
90.5
11.2
16.7

5.11 C o n c l u s i o n s

S a m p l i n g of water and sediment in OU6 has i d e n t i f i e d three source areas of acid rock dra inage . T h e s e
are: Stray H o r s e G u l c h , below A d e l a i d e Park where a lumber of h i s tor i c mines e x i s t ; L i n c o l n G u l c h , which
drains a port ion o f Breece Hill i n c l u d i n g the I b e x M i n e c o m p l e x ; and a s m a l l sub-drainage e n t e r i n g Evans
G u l c h at the EGOS s a m p l i n g site. The EGOS sub-drainage o r i g i n a t e s on the northwest s l o p e o f Lit t l e E l l e n
Hill and inc lude s the Resurrection No. 1 and Fortune Mine waste p i l e s and t a i l i n g s . Both the Lincoln
G u l c h dra inage and the EGOS d r a i n a g e s f l o w for a short dura t i on d u r i n g the p eak of s p r i n g snowmelt and
also, pre sumably, dur ing large thunders torm events. Because of d i l u t i o n e f f e c t s and b u f f e r i n g capacity of
water in Evans creek, these d r a i n a g e s seem to have minimal i m p a c t on water q u a l i t y in Evans, in
general the d r a i n a g e s and source areas of acid rock d r a i n a g e r e f l e c t those mine c o m p l e x e s i d e n t i f i e d and
m a p p e d by Emmons as m i n i n g the massive s u l f i d e ore bodie s .

Evans G u l c h creek is the only perennial stream in OU6. Evans has r e l a t i v e l y low trace metal content and
a neutral pH. However, even in the u p p e r roaches s a m p i & c i , water in Evans doe s c on ta in s i g n i f i c a n t
q u a n t i t i e s of Z i n c , A l u m i n u m and Iron in hot,- d i s s o l v e d end s u s p e n d e d f o r m . T h e r e a!so a p p e a r s to be a



s ign i f i cant increase in Lead in suspended f o rm f r om site WE02 and EG01 below Big Evans Reservoir.
There is also a s i g n i f i c a n t increase in other con taminant s between these two s a m p l i n g s i t e s .

S t r a y H o r s e G u l c h i s a s i g n i f i c a n t acid rock d r a i n a g e source -5rea, carry ing l a r g e q u a n t i t i e s of d i s s o l v e d
and suspended trace metals in very low pH water. It is evident from the initially h i g h concentrations d u r i n g
the early por t ion of the snowmelt r u n o f f that the o x i d a t i o n o f s u i f i d e m inera l s i s o n g o i n g t h r o u g h o u t winter
months in the minewaste so i l s of the g u l c h and that as snowmelt progr e s s e s , the h i g h l y ac id i c d r a i n a g e
r u n o f f is d i l u t e d somewhat.
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